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* Precision built, optically accurate instru- 
ment designed for estimating the density 
of smoke in stack effluent. 


Because limitations imposed by smoke 
control laws are generally based on an 
established maximum permissible smoke 
density in stack effluent, a reliable method 
of estimation is essential to proper com- 
pliance. The M.S.A. Smokescope was 
designed to fill this need. 

In the Smokescope, a reference standard 
film disc receives light from the same 
source as does the smoke. This minimizes 
background differences because they affect 
the smoke and reference disc equally. 
Ambient light plays no part in the obser- 
vation. A lens, which projects disc image 
to a focal distance equivalent to that of 
smoke, permits comparison without chang- 
ing eye focus. 


* How it works—Smoke picture 
fills field of vision through aper- 
tures C, D, and G. Light from 
area adjacent to stack is transmit- 
ted through reference disc, H, in 
barrel, B, to surface of mirror, E. 
Image of reference disc projects 
through lens, F, to image mirror 
where it is compared with smoke 
seen through apertures. Center 
of reference disc is blocked by 


6 opaque disc, I 
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P43 Convenient cloth carrying pouch with instruction tag. 


Inflatable cuff, 3’’ wide, covered with dirt-resistant, 
easily cleaned, woven fabric. 


Cloth strap, 23’ long, for wrapping cuff and itself 
around limb. 


4) Metal fastener with three teeth to hold strap in position 
under pressure. 


LS) Metal fastener of strap to cuff. 


6) Pressure release valve. 


2 Body of instrument containing regulator mechanism. 


ROBBINS 


TOURNIQUET 


ENTIRELY AUTOMATIC The cuff is wrapped around the 
leg or arm close to the wound and between the wound 
and the heart. A twist of the cartridge container releases 
the gas pressure, inflates the cuff and exerts a uniform 
squeeze at the correct pressure to instantly stop the flow 
of blood. No probing for pressure points is necessary. 
A constant, uniform pressure is maintained until re- 
leased by depressing the off-on control button. 
UNIFORM, CONSTANT PRESSURE Variation in pressure 
caused by changes in altitude, temperature, or by flexing 
a muscle is controlled automatically by the mechanism. 
The mechanism similarly compensates for the bulk when 
the cuff is applied over clothing. The pressure is ade- 
quate to stop the flow of blood without injury to cell 
tissues if not maintained for too long a period of time. 
PUSH BUTTON CONTROL [If there is a long interval be- 
tween application and professional care, the pressure 
may be released and reapplied by pressing and then re- 
leasing the off-on control button. 


Im ations 
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} Off-On button. 
Cartridge container. 
Stondard CO2 gas cartridge. 


COMPACT UNIT Thecuff is permanently attached to the 
mechanism; the only removable parts are the gas cartridge 
and cartridge cover. Weighing only L5 ounces, the Rob- 
bins Tourniquet can be readily self-applied, is easy to 
carry and its light weight is no hardship to the injured 
person even in walking. 


YEARS OF SERVICE Robbins Tourniquets are built for 
a lifetime of service in any temperature or altitude. Only 
the gas cartridges need be replaced. The cartridges de- 
liver approximately 10 inflations on the leg, 15 inflations 
on the arm. 


FIELDS OF USE Industrial dispensaries, public utilities, 
construction, mining, logging, first-aid rooms and in- 
firmaries, hospital out-patient departments, ambulances, 
fire apparatus, police cars, trainer clinics, transportation 
facilities, and all branches of the armed services. 


PRICE Complete with carrier pouch—$45. 


Made by ROBBINS INSTRUMENT CORPORATION «© Attleboro, Mass. 
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‘Physiology a 
Upper Respiratory 
Tract 


THE NASAL CAVITY: 


The main functions of the nasal cavity are conditioning and exchanging air 
between the atmosphere and the lungs, as well as smelling. Gross impurities 
are removed by the fine nostril hairs, and finer impurities are enveloped in the 
mucous secretion of the intranasal lining and carried away by ciliary action. 
The air is warmed to a degree approaching body temperature and humidified. 


About 500 cc. of air are taken in during an ordinary inspiration, totaling 
12,000,000 ce. daily. 


in the common cold... when hypersecretion and mucosal swelling 
interfere with the normal aeration pattern, when abnormal mouth breathing 
is resorted to as a distress measure, relief can be obtained promptly with topi- 
cal application of Neo-Synephrine hydrochloride. This potent vasoconstrictor 
is usually well tolerated — produces practically no sting or irritation on appli- 
cation to mucous membranes — even in infants. 


NEO-SYNEPHRIN E°® 
hydrochloride 


0.25% Solution 
0.5% Solution 
0.25 % Solution (Aromatic) Nasal Spray 
1% Solution Plastic, unbreakable, 
0.5% Jelly leakproof squeeze bottle; 
he mee. 0.25% Emulsion delivers fine even mist. 


Neo-Synephrine (brand of phenylephrine), trademark reg. U.S. Pat. Off. 
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PROTECTION FROM AIRCRAFT NOISE 


MAJOR HORACE O. PARRACK 
UNITED STATES AIR FORCE 


Ht TERM “aircraft noise” means noise produced by aircraft, by power plants, 

or by support facilities and equipment. Therefore, this paper might more 
appropriately be entitled “Protection from the Noise of Air Operations.” “Acoustic 
energy” —mechanical vibration and sound (noise )—has always been generated by 
many air operations. This energy—generated by machines as sources—is released 
into adjacent environmental media (air, structures, earth) and is distributed through 
these media as propagated acoustic energy. The acoustic energy thereby reaches 
receivers that may be located either near to or far from the source. If the receiver 
absorbs large quantities of the acoustic energy, mechanical damage and other unde- 
sirable effects are produced. Men as receivers of this propagated acoustic energy 
are particularly vulnerable. Wherever the acoustic energy level (noise, mechanical 
vibration) is high enough to damage any part of man’s body, to alter any of his 
functions, or to interfere with his performance of any assigned duty or task, the 
energy must be reduced or controlled, The operational procedures, the equipment, 


the structures, and the facilities required to reduce or to control acoustic energy so 


that it does not interfere with man’s functions or activities constitute our protection 
from aircraft noise. Protection, as visualized herein, embraces much more than the 
usual effort to prevent damage to the human ear. 

Control of the acoustic energy from air operations has been a complex and critical 
problem for years. Current and proposed operational utilization of aircraft tends to 
increase the difficulty and complexity of this energy control problem. At the same 
time, the increased quantity of acoustic energy released by modern equipment makes 
adequate control a necessity. All producers and operators of aircraft and aircraft 
components and support facilities are faced with this critical practical problem. Since 
it is the prime responsibility of the United States Air Force to develop and to operate 
aircraft and aircraft essential support facilities, the development of effective means 
for acoustic energy control is of major interest. To achieve the desired control of 
acoustic energy (protection from aircraft noise), a special program has been estab- 
lished. The major aims of this program are as follows: 

(1) To develop a system to control human exposure to hazardous acoustic energy levels. 

(2) To develop means to reduce acoustic energy levels to values that are acceptable to per- 
sonnel employed or residing adjacent to or relatively near Air Force sources. 

Aero Medical Laboratory, Directorate of Research, Wright Air Development Center, 
Wright-Patterson Air Force Base, Ohio. 

Read before the Section on Preventive and Industrial Medicine and Public Health at the 


103rd Annual Meeting of the American Medical Association, San Francisco, June 23, 1954. 
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(3) To develop general criteria (guides) for air base planning and for air operations that 
are based upon the maximum utilization of all possible means of acoustic energy attenuation. 
These general criteria must insure the following: (@) physical protection and safety of Air 
Force equipment operators; (b) preservation of the functional capabilities of personnel who 
service Air Force equipment or who perform other duties while located relatively near this 
equipment; (c) protection of civilian populations residing near airfields or under flight paths; 
(d) availability of factual knowledge about the effects of acoustic energy on the normal indi- 
vidual that is applicable to the person on the ground and to his possessions, both animal and real 
estate, and (e) availability of data to determine the type of aircraft that may be operated from 
a given base or to determine the type of operation that may be carried out from a given base. 


These major aims of the acoustic energy control program of necessity include many 
subsidiary detailed aims. The aims of a program to provide protection from aircraft 
noise are not essentially different from those of a program to provide protection from 
the noise of any industrial operation. Aircraft noise is not fundamentally different 


from other industrial noise. Very near the sources the level is sometimes higher 


than most other industrial noises. On the other hand, the noise levels to which many 
personnel are exposed are of the same order of magnitude as those of industry gen- 
erally. Therefore, the approaches used in providing protection from aircraft noise 
(controlling acoustic energy) are, in general, applicable to problems related to pro- 
viding protection from usual industrial noise. 


PROGRAM FOR ACOUSTIC ENERGY CONTROL 


A program for acoustic energy (noise) control which will satisfy the aims stated 
above is complex and varied, There are problems in aircraft design, in power-plant 
engineering, in aerodynamics, in physical acoustics, in meteorology as related to 
sound propagation, in engineering acoustics, and in many areas pertaining to man, 
the physical properties of his body, and his many physical, psychological, and other 
functions. In fact, this list merely suggests the many areas of human knowledge that 
the program must include. To plan and to activate a comprehensive, integrated, 
and balanced program that embraces so many areas, one must utilize some integrat- 
ing plan or concept. Those who are responsible for the special Air Force program 
have used the integrating concepts to be described. 

It is possible to classify all existing information, all current programs to obtain 
new information, and all proposed research as pertaining to one or more of the 
elements of a three-element functional system. The following elements compose the 
functional system: (1) acoustic energy (noise and vibration) sources; (2) acoustic 
energy transfer paths (media), and (3) acoustic energy receivers—men. Acoustic 
energy flows from the source through the transmission medium to the receiver. 
Usually an energy loss occurs in the medium, and the source energy level minus 
this loss determines the energy level at the receiver—man. The source and the 
transmission medium interact continuously. There is frequent feedback from 
the receiver (man) to both the medium and the source. The entire technical area 
comprised by the functional system, as described, has frequently been referred 
to as the man—noise interaction system. This functional system concept integrates 
the programs on sources, the programs on transfer media (paths) which include 


all common acoustic energy (noise) control devices, and the programs 


on the energy receiver—man. The interrelations among the elements of the functional 
system are shown in the top portion of Figure 1. Some typical examples of each of 
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the elements of the functional system are shown under the following: (@) acoustic 
energy sources; (b) acoustic energy transfer media, and (¢) man as a receiver. 
This portion of the figure shows the interactions among the system elements and 
also indicates the major mechanisms by which acoustic energy acts upon man to 
produce his responses, which are described by the term “complex behavioral 
response.” In this system there is a vast amount of feedback from the receiver to 
the energy sources and the transfer media. One generalization that has been useful 
in connection with the functional system concept is that the criteria required to solve 
a specified problem consist of those quantitative data that describe each element of the 
functional system under study. Thus, for an airplane operated on the ground, we 
can determine where maintenance personnel require ear protection by comparing the 


“ACOUSTIC ENERGY” AND [TS ACTION 


Artificial Media 


IN Noise control 


Structures, 
Equipment etc. 


Men working at 
various distances 
from source 


acoustic Energy’” Energy Energy Neighborhood 
Output of Sources Attenuation Propagation Response Annoyance Criteria 


“Fear” Reaction Criteria 


Operational Disability 


Speech Interference Criteria 


Temporary Damage 
Air Base 
Planning 


Pathological Damage 


Mechanical Damage 


ESSENTIAL CRITERIA 


Fig. 1—This chart shows the elements of the functional system that are applied to prob- 
lems of noise control and relates to this system the general criteria required to solve noise con- 
trol problems. 


following sets of quantitative data: (a@) source acoustic energy level; (b) acoustic 
energy loss to air, and (c) acoustic energy level that damages the ear. Using these 
criteria ( quantitative data), we can specify “safe areas” or “dangerous areas” about 
the aircraft being studied. The kinds of criteria (sets of quantitative data) required 
for the entire functional system are indicated in the lower half of Figure 1. Arrows 
are drawn in this Figure to indicate some of the more important interrelations among 
these sets of quantitative data. Another generalization employed with the functional 
system concept is that of a protective system. The protective system is made up of 
all the possible actions that we can take to reduce or to control the acoustic energy 
level when a comparison of the quantitative data, pertinent to each of the elements 
of the functional system, shows that receiver protection is necessary. To illustrate, 
one may prescribe the use of earplugs by personnel stationed in those areas about an 
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operational aircraft which are specified as dangerous for the function of hearing. In 
Figure 2 the functional system concept is shown again in the upper portion, and the 
possible protective measures are indicated in the lower half. In this Figure an arrow 
srom each element of the protective system points to that element of the functional 
system to which it can be applied. Thus the several components of the protective sys- 
tem are associated with and can be classified in terms of the major elements that com- 
pose the functional system. This functional system concept is the foundation upon 
which the entire Air Force program on protection from the noise of air operations is 
organized. The value of this concept can best be illustrated by a brief discussion of the 
Way it is applied with respect to a particular noise (acoustic energy) source. 


APPLICATION OF THE FUNCTIONAL SYSTEM CONCEPT 


Our problem is to provide man with protection from the noise of a modern 
turbojet-propelled aircraft. The aircraft must be serviced and tested on the ground. 


“ACOUSTIC ENERGY" AND ITS ACTION 


Men 
Natural Media < J 
Air and Atmosphere | 
Employees 


Equipment Operator 


Artificial Media 
Noise control 
Structures, 
‘ate. Men working at 
various distances 
from source 


Operational Attenuating 
Procedures Structures 


PROTECTIVE MEASURES 


Fig. 2—This chart shows the functional system and its relation to general protective mea- 
sures that are available for noise control. The part of the functional system to which each pro- 
tective measure is to be applied is also shown. 


It must also take off and land and be employed in various flight operations. Person- 
nel are exposed to its acoustic energy output during all these operations. The 
questions we must answer are: Is protection required? How much protection is 
required? How may protection be provided? When is the available protection ade- 
quate? Ete.? Ete.? 

To answer these questions, we must acquire quantitative data (criteria) about the 
following: (a@) the airplane as an acoustic energy source, including its engines and 
other equipment; (>) the acoustic energy transfer media—the atmosphere and (for 
some operations) the special noise control devices used, and (c) the acoustic energy 
tolerance limits for the men who are exposed—the maintenance personnel, the per- 
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sonnel who work nearby, the personnel located on distant parts of the air base, and 
the residents of communities that are near the air base or the flight paths of the air- 
plane. Even a casual examination of these requirements shows that, to obtain these 
data, studies must be performed by specialists familiar with widely different technical 
areas. We must call upon physicists, aeronautical engineers, acoustical engineers, 
meteorologists, and specialists on each human function. Then the data collected 
from these diverse technical areas must be integrated to provide answers to our 
questions—to provide protection from aircraft noise. Let us now examine each 
element of the functional system to determine the classes of information required 
and how this information is applied. 


Acoustic Energy Sources.—The principal sources of acoustic energy from the 
airplane are the engines. To describe the airplane as a unit energy source, we must 
determine the following: (a) total acoustic power released; (/) distribution of this 
power as a function of frequency; (¢) distribution of the power in space, and 
(d) variation in all the above quantities as the operational use of the aircraft 
varies. If it becomes necessary to redesign the engines to control the noise 
output, we must investigate all the processes underlying engine operation— 
combustion, fuel flow, air flow, ete.—in order to determine the mechanisms 
responsible for the noise generation, This is obviously a complex and extensive 
program, but it must be carried out when we must achieve noise control for man’s 
protection. There are two acoustic energy control measures that can be applied to 
sources. These are (a) operational procedures and (>) source design for reduced 
energy output. When we have obtained the data described above, we can determine 
how to apply these control measures, provided that we have data in the following 
areas. 

Acoustic Energy Transfer Media.—Vhe means for controlling aircraft noise 
that are now available to us are all based upon modification of the energy transfer 


path ; that is, we may increase the path length and so increase the amount of energy 


lost before the sound wave reaches man, or we may utilize some means for increasing 
the energy removed from the sound wave as it travels along a short transfer path. 
Air is an important transfer path for noise, and sometimes it may be used to provide 
noise control. To do so, we must learn how acoustic energy is dissipated in traveling 
through air and how this loss of energy is altered by the various meteorological con- 
ditions of the atmosphere and by variations of the earth’s surface. ir can be used 
to control the noise from aircraft during flight if operational procedures that increase 
the transmission path length can be employed. All modern noise control equipment, 
structures, and facilities that are made and applied by men utilize materials or other 
means to increase the acoustic energy loss as the sound wave passes through them. 
Thus, to control the noise from the ground operation of our airplane, we may use 
mufflers attached to the engines, we may use personally worn protective equipment, 
or we may enclose personnel performing critical Operations in sound-excluding 
structures. This entire technical area is a complex combination of physical acoustics 
and engineering. The performance of each noise control structure, device, ete., used 
must be quantitatively determined to provide the second body of data or information 
required to state when we have adequate noise control—adequate protection from 
noise. 
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Man as an Acoustic Energy Receiver.—To predict the effects of noise on man 
and to determine when we have provided sufficient protection, we must quantitatively 
describe the sound fields to which he is exposed. At the same time we must quanti- 
tatively describe man’s response to those sound fields. Jn this way we can establish 
noise tolerance limits for various human functions and for specific duties men must 
perform during exposure to noise. To establish noise tolerance limits, we must 
have information on the following: (a) mechanical properties of the body surface ; 
(b) mechanical properties of tissues; (c) mechanical properties of each sensory 
input system; (d) functional properties of sensory systems; (e) interactions among 
sensory inputs ; (f) the effects in the central nervous system of excessive inflow from 
multiple sensory systems; (g) complex human reactions; (4) complex reactions of 
groups of men (communities). Once again it is clear that we are dealing with many 
technical areas—each one very complex. Yet, to be able to demonstrate that we have 
achieved adequate noise control, we must possess and apply all this information. 

Now let us return to our airplane. Let us assume that it is operated on the ground 
and that we must provide adequate protection for the ears of maintenance personnel. 
Our data on the acoustic energy sources tell us how much noise energy is released. 
Maintenance personnel are so near to the source that energy loss in the air can be 
considered zero. We have established noise tolerance criteria for the human ear. 
By comparing the acoustic energy levels where the men work with the noise tolerance 
criteria, we find that the noise levels are high enough to cause damage to the ear. 
In fact, we note that in the frequency region between 600 and 2400 cps the level 
exceeds the tolerance criteria by 10 db. Now, other data tell us that we have a pro- 
tective device—an earplug that provides 10 or more decibels of protection over the 


frequency range of interest. The personnel are instructed to wear the plug (a modi- 
fication of the energy transfer path). Under these conditions, we have furnished 
adequate noise protection for the personnel concerned. 


We have discussed the functional system concept in some detail, because it 
provides the framework upon which to plan and conduct an effective, integrated, and 
balanced program for the control of aircraft noise or other industrial noise. In fact, 
this is the only way we can assure adequate protection for exposed men. Let us now 
consider man and his responses to aircraft noise. 


NOISE—-MAN’S RESPONSES AND HIS PROTECTION 

Recently several authors or groups of authors have tried to evaluate the data on 
the effects of noise on man.* These evaluations deal with the general effects of noise, 
although several of them were stimulated by problems related to the effects of aircraft 
noise on man, During this same period extensive work has been expended on the 
study of noise sources and the means for noise control.+ Casual examination of these 
extensive studies reveals an extremely complex area in which the unknowns are far 
more numerous than the knowns. We shall now scan this problem area and attempt 
to point out the status of our knowledge in several subareas. 

The Ear and Its Protection—As background for the discussion of our current 
ability to protect the ear from aircraft noise, let us learn something about the noise 


* References 1 to 4. 
+ References 5 and 6. 
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fields to which men are exposed. The noise generated by modern aircraft is wide- 
band noise; that is, the energy is scattered more or less uniformly throughout the 
range of audible frequencies. Analyses of the noise fields, 1,000 ft. from a modern 
turbojet-propelled aircraft, are shown in Figure 3. The aircraft was operated on the 
ground, and its engines were operated for maximum power output. Three different 
locations, relative to the center of the aircraft, are included in the Figure. These 
locations are (@) directly in front of the airplane, (/) to the side of the airplane on a 
line making an angle of 90 degrees with the longitudinal center line, and (¢) behind 
the airplane on a line 50 degrees to the right of the airplane center-line projection. 
The sound pressure levels shown are for frequency bands one octave wide, and these 
cover the frequency range of 37 to 9600 cps. These data show that all frequency 
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FREQUENCY IN OCTAVE BANDS---CYCLES PER SECOND 


Fig. 3—Sound pressure levels recorded at various positions around a modern jet aircraft 
during ground operation are shown (discussion in text). 


components are highest in level behind the aircraft and that at all positions the 
low-frequency region (75 to 300 cps) carries somewhat more energy than other parts 
of the spectrum. The noise level at the position behind the aircraft is 10 or more 
decibels higher than at other positions, The over-all sound pressure level (OASL) 
behind the aircraft is 18 to 20 db. higher than that at other positions. These differ- 
ences in sound level among the several locations around the airplane suggest one 
method for providing protection for men. Stationing personnel in front of the air- 
craft will ensure exposure to lower noise levels than for other positions. In terms 
of the over-all noise level, men may be stationed at one-tenth the distance in front 
of the airplane and be exposed to the same noise levels. In terms of the octave band 
(300 to 600 cps) for which the noise level difference is least, the men may be sta- 
tioned one-third as far from the airplane and receive no increase in noise exposure. 
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Thus the directional radiation characteristics of this airplane provide one means for 
controlling the noise exposure ef personnel (noise exposure control by operational 
procedures). 

One may now ask, Are these neise leve's hazardous? Data that will help answer 
this question are shown in Figure 4. This Figure also may be used in evaluating 
available means for protecting the ear from noise, Let us examine the curve labeled 
“wide-band noise.” This is a tentative criterion curve for the level of wide-band noise 
to which personnel may be exposed without significant risk of incurring permanent 
deafness from the exposure. In using this curve, the following qualifications 
should be kept in mind: (a) the curve should not be taken too literally, since 
deviations of 1 or 2 db. in either direction can probably be disregarded; (b) 
the curve should be interpreted as representing a zone, with some uncertainty 
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DAMAGE RISK CRITERIA-----WIDE BAND NOISE ----- LONG TIME EX POSURE 
AND THE EFFECTS OF WEARING EAR PROTECTORS 


Fig. 4.—Damage risk criterion and its modifications by protective devices are shown and 
compared with noise levels produced by aircraft and other equipment (discussion in text). 


attending the measurement of the exposure stimulus and biological variation modi- 
fying the probability of damage ; (c) it is believed that a contour 10 db. lower would 
involve a negligible risk indeed, while a contour 10 db. higher would result in sig- 
nificant increases in hearing loss; (d) the levels are considered safe for exposures 
during working days for durations up to a lifetime; (e) the noise has a reasonably 
continuous time character, with no substantial sharp energy peaks; (f) this curve 
applies to wide-band noise only, and (q) the criterion is tentative and will be revised 
as new laboratory and field data are available. 

When we compare the noise levels shown in Figure 3 with the wide-band noise 
criterion, we find that the positions to the side and in front of the airplane are safe 
in terms of the criterion. At the position behind the airplane the levels of two bands 
exceed those stated in the criterion. Actually only one band exceeds the criterion 
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significantly (the 150 to 300 eps). The noise level at this position can be considered 
marginally safe. These positions are 1,000 ft. from the center of the airplane. If one 
moves in closer, the levels will increase. At 100 ft. from the airplane the levels will 
be 20 db. higher in each band. Behind the airplane the level of all bands except the 
highest (4800 to 9600 eps) will exceed the criterion significantly. At the other two 
positions the levels of all bands between 75 and 1200 eps will exceed the limits specified 
by the criterion. When exposure to these levels occurs regularly through the entire 
workday over a long period of time, the criterion states that there is a significant 
probability of incurring permanent hearing loss as a result of these exposures. Now, 
aircraft maintenance work is performed at positions much closer to the aircraft than 
100 ft. In these positions the levels will be still higher. It is safe to conclude that 
persons performing these operations, without using ear protection, are exposed to 
a significantly great risk of incurring permanent deafness. However, one must bear 
in mind the fact that in practical operations exposure to these noise levels does not 
occur through the entire workday. Personnel may not be exposed daily. These 
factors reduce the risk somewhat. Much additional work is required to determine 
the protective value of intermittent exposures. [Even when we take intermittent 
exposure into account, we must conclude that aircraft maintenance personnel working 
on modern airplanes are exposed to a significant risk of noise-induced deafness unless 
protective devices are used during all exposures. 

Using data from Figure 4+, we can compare the noise levels of some other opera- 
tions with wide-band noise criterion. The noise level per octave band for an 
industrial boiler room is shown near the bottom of the Figure. The noise level of 
sach band is 10 db. or more below that specified by the criterion. This boiler room 
would be classified as a safe working area in so far as noise is concerned. At the 
bottom of the Figure the noise levels in an engine test cell control room are shown. 
The noise level in each octave band is 20 db. or more below that specified by the 
criterion. Certainly there is almost no chance that deafness will result from exposure 
to this noise. The noise levels in another engine test cell control room are also shown 


in this Figure. In this case the noise level of each octave band, except one (20 to 
75 cps), exceeds that specified by the criterion. The level in the 300 to 600 eps octave 
band and in each higher band exceeds the criterion values by 10 db. The risk of 
permanent deafness is significantly great when workmen do not use protective 
devices. Here again intermittent operations (intermittent exposure) would reduce 
the risk, but the extent of the risk reduction is an unknown today. Two other sets of 


noise data are shown in Figure 4. These are for two positions near a modern turbo- 
jet aircraft engine. These positions are 50 ft. from the center of the engine. One 
position is on a line making an angle of 90 degrees with the longitudinal center line 
of the engine and is opposite the engine mid-point. The other is behind and to one 
side of the engine on a line making an angle of 45 degrees with the engine center line 
(the engine mid-point is the reference). At both positions the noise levels in all 
octaves are far above the criterion levels. Unprotected ears will certainly be endan- 
gered. Mechanics on aircraft maintenance assignments are regularly exposed to noise 
levels as high as or higher than those shown. To prevent noise-induced deafness, 
these personnel must use protective devices. It is therefore of interest to evaluate the 
effectiveness of protective devices that are now available for use. 
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One readily available protective device is the earplug. It is inserted into the 
external auditory canal where it forms a wall that provides a sound transmission 
loss—that is, the sound pressure at the inner surface of the plug is reduced below 
that at the outer surface. Its effectiveness depends on (1) the transmission loss 
afforded by the plug structure and (2) the quality of its fit in the ear canal—the 
presence or absence of leakage paths. The technical procedures for evaluating ear- 
plugs are very complex and will not be discussed here (consult section by von Gierke 
and Warren in Reference 4 for a discussion of these problems). Recent studies have 
provided data that specify the performance of (1) typical plugs and (2) optimal 
plugs. The typical plug protection is that which is obtained when the user has been 
instructed in the use and care of his plug and when the ear plug was properly fitted 
at the time of issue. Typical plug protection is therefore the protection that should 
be obtained by a group of personnel that uses the plug routinely, after the group has 
been fitted with plugs of appropriate size, etc., and has been carefully instructed in the 
use and care of earplugs. Optimal plug protection is the amount of protection that 
can be obtained when extreme care is used in fitting the plug and when the same 
amount of care is taken to insure that the original fit is retained throughout the test 
of the performance of the plug. Optimal plug protection is greater than typical plug 
protection but is probably not obtainable during routine use of earplugs. 

Now, the mean value of the noise reduction in the ear canal introduced by a 
typical plug or by an optimal plug (for each octave band) may be added to the 
allowable levels stated in our wide-band noise criterion to provide two new criteria. 
The new criteria permit exposure to higher noise levels. The new criteria are shown 
in Figure 4+ by the curve labeled “typical plug” and the one labeled “optimal plug.” 
In practice we may expect the noise protection afforded by good earplugs to permit 
exposure to noise levels that lie somewhere between these new criteria curves. Let 
us now examine the noise fields generated by the turbojet engine in terms of these 
new criteria. In three octave bands, the noise levels at the 90 degree position exceed 
those allowed by the typical plug criterion. The protection afforded by the typical 
plug is marginal. The noise levels at the 45-degree position greatly exceed the typical 
plug criterion, and the noise level in the ear canal must be considered hazardous. 
On the other hand, the protection afforded by an optimal plug is completely satis- 
factory for the 90-degree position and is definitely marginal for the 45-degree posi- 
tion, If, as these data indicate, the protection afforded by an optimal plug is inade- 
quate for aircraft maintenance operations, what then do we do? 

There is still another protective device that may be used either alone or in 
combination with earplugs. This is the ear muff, or cup, worn over the external 
ear and constructed to provide transmission loss for sound, Although theoretically 
ear muffs should provide as much protection as do earplugs, possibly more, in 
practice it has been found that the protection is less. One major problem is to 
secure a head to muff contact that is free of leaks. However, the combination of ear- 
plug plus ear muff does provide more protection than either one used alone. The 
protection (for each octave band of noise) afforded by the combination has been 
added to the wide-band noise criterion to derive a new criterion shown in Figure 4 
by the curve labeled “plug + muff.” When the jet engine noise at the 45-degree 
position is compared with this criterion, it is seen that the protection should be ade- 
quate, This conclusion is valid only when the plug and the muff each provide at least 
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typical protection. In practice this means that both must fit well and that reasonable 
care must be taken by the wearer to insure that the fit is maintained. We may sum- 
marize the situation by saying that in a noise field where the distribution of the 
acoustic energy does not differ markedly from that of the jet engine noise shown in 
Figure 4+ a combination of earplug and ear muff can provide adequate protection up 
to an over-all sound level of approximately 140 db. This amount of protection will 
be obtained only when the protective devices are carefully fitted and properly main- 
tained. The protection available is adequate for many aircraft maintenance opera- 
tions. There are some operations for which it is marginal or inadequate. 


Recent studies on the theoretical maximum protection that can be provided by 
ear-muff-type protectors indicate that some increase in protection at low frequencies 
should be possible. Should future developments make the utilization of this additional 
protection possible, bone-conducted sound would determine the limits of protection 
at all frequencies, as it now does for frequencies above approximately 1500 cps. If 
such devices can be built, they should provide protection in noise fields, similar to 
those discussed above, up to over-all levels approximating 150 db. It is frequently 
suggested that helmets (that cover the entire skull) be used for protection from the 
more intense noises. At present the principal use for a helmet structure is to hold 
ear cups in place. A helmet that leaves the lower jaw or part of the face exposed to 
the sound field is of little value, since tissue-conducted sound from these areas 
neutralizes any protection afforded the skull. This means that an effective helmet 
must cover the entire head and neck. This would require the presence of breathing 
valves and possibly means for ventilation. As judged by our experience with flying 
helmets, it is not likely that breathing valves can be designed to give the necessary 
noise exclusion. Furthermore, the increase in protection would be negligible, because 
tissue-conducted sound from the upper thoracic cage is, at most, only a few decibels 
lower in level than that which is conducted from the skull or face region. These facts 
suggest that, to protect personnel from noise levels of 145 db. or higher, we may 
have to develop total body-enclosing devices. These may take the form of small 
self-propelled vehicles. 

In passing, it should be remembered that at noise levels which are compatible 
with retention of normal sensitivity of the ear the capacity to communicate by voice 
signals in the presence of the noise is essentially zero. When the mean noise level 
of the octave bands between 600 and 4800 cps is 20 db. below the mean level in the 
same octaves permitted by the deafness-risk criterion, one must shout to be barely 
understood when the listener is about 2 ft. away. In operations where communication 
by voice is essential, the limits on the maximum allowable noise level are set by 
communications criteria, and these limits are well below those required for preven- 
tion of deafness. 


A sound wave, about 100 cps in frequency, can be detected by receptors on the 
back of the hand when the level is about 100 db. Other sound waves, lower in fre- 
quency, give rise to sensations of general body vibration when the pressure level is 
of the same order of magnitude. In high-level (135 to 140 db.) sound fields of certain 
frequencies, there are marked sensations of vibration localized in the thoracic cage 
or abdominal region. These phenomena are induced by sound fields for which we 
can provide satisfactory ear protection. There is some evidence that there are inter- 
ferences to locomotion and other coordinated muscular activity when one is exposed 
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to sound fields in which the sound pressure is 145 db. or higher. Studies to 
determine these effects of intense sound have just been started. No definite informa- 
tion about their significance is now available, except to say there are indications that 
these effects may impose maximum upper limits for noise exposure of men that are 
helow those imposed by the deafness-risk criterion. There is still another area which 
may be of major importance with respect to the over-all effect of noise on man. This 
area has to do with the meaning of a given type of sound or noise—with the message 
carried in the noise signal. It may be that these messages (information) evoke 
profound general physiological responses that are usually described by the term 
“stress physiology.” New work in this area is a major need—first, to determine the 
characteristics of the noise field that carry the information and, second, to evaluate 
the nature of the responses and establish criteria for permissible noise levels. 
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Fig. 5.—Sound pressure levels recorded on the ground during passage of a modern jet air- 
craft are shown. Noise levels for several altitudes are compared (discussion in text). 


Let us now turn to problems that arise from the exposure of men who are located 
at relatively large distances from the aircraft noise sources. This group of men is 
composed of air-base occupants and community residents. Data on the noise levels 
to which such personnel are exposed are given in Figure 5. The curve at the bottom 
of the figure shows the background noise level, that is, the noise level in the absence 
of aircraft in flight. Above this curve are three other curves describing the noise on 
the ground—under the aircraft as it passes overhead, The aircraft is in level flight ; 
the air speed is constant for the three curves. The curves are for altitudes above 
ground of 4,000, 2,000, and 1,000 ft. The levels shown are the maximum levels that 
are recorded as the airplane passes by. None of these levels exceed the deafness 
risk criterion for long-time exposure; in addition, a single exposure is very brief 
(less than 20 seconds). Certainly there is no danger of causing damage to the ear. 
The top curve in Figure 5 shows the ground noise levels during a take-off operation 
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when the airplane is 150 ft. above the ground. The data in this curve cannot be 
directly compared with those in the three other curves, because the air-speed and 
engine-power settings are different. The noise level in all octave bands except the 
lowest (37 to 75 cps) exceeds those specified by the deafness risk criterion. Even 
here, however, there is almost certainly no chance of damage to the ear, because the 
exposure is brief and there is a relatively long interval between exposures. 

When the ground noise fields generated by aircraft in flight (Figure 5) are 
examined with respect to criteria for satisfactory voice communication, we find that 
communication will be poor during exposure to any of the noise samples shown. 
The noise from the aircraft at an altitude of 4,000 ft. is such that the communication 
capacity (direct speech communication ) will be poorer than that desired in an engine 
test cell control room. For the aircraft in flight at altitudes of 2,000 ft. or less, the 
noise levels are such that it would not be possible to obtain satisfactory communication 
hetween persons separated by a distance of 2 ft. even when the speaker shouts. It is 
therefore clear that one problem created (for both air-base personnel and community 
residents ) by noise from aircraft in flight is reduction of the capability of persons to 
converse one with the other. It is true that this interference lasts only a short time 
during the passage of a single aircraft. If only one aircraft passes, its effect will prob- 
ably be insignificant, but when flights are continual and regular, with relatively short 
intervals between passages of aircraft, this interference with communication is at 
least a major annoyance to all persons exposed to the noise. 

In addition to the interference with communication, the noise from aircraft has 
meaning for the person who hears it so long as it can be detected and identified as 
coming from an aircraft. The meaning may vary widely from individual to individual. 
If the person fears aircraft or if by previous experience he feels that any aircraft in 
the air has a high possibility of crashing, his reaction may be violent opposition to 
the air operations. There are many other factors that, in part, determine the various 
individual responses to the presence of aircraft noise. We have only just begun 
studies on these problems and are just beginning to appreciate how many factors 


influence the responses to aircraft noise that are made by persons located at varying 
(usually large) distances from the aircraft flight path. 


We shall attempt to summarize ( Figure 6) a few of the responses to (effects of ) 
noise from aircraft in flight. The data in the Figure apply to a multiengine, turbojet- 
propelled aircraft taking off from a runway and continuing in flight at an altitude 
under 1,000 ft. Attempts are made to estimate the distance (to each side of the flight 
path) at which certain human responses occur. The response that occurs at the 
greatest distance is labeled “general annoyance” in this Figure. By general annoy- 
ance we mean that the sound intrudes into the daily life of the individuals (community 
residents ) and in some way interferes with normal activities to the extent that it 
annoys those exposed. There may be interruption of sleep, disturbance to rest and 
relaxation, etc. General annoyance with aircraft noise is expressed by persons who 
reside as far from the aircraft flight path as 16,000 ft., or approximately 3 miles. 
This means that aircraft noise levels equal or exceed a level that creates general 
annoyance over a zone that is about 6 miles wide. The aircraft may remain at an 
altitude low enough to create this effect for a distance that ranges between 6 and 12 
niles. 
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As one moves from the border of this zone toward the flight path of an aircraft 
he comes to the border of a zone where the noise level is high enough to interfere 
with communications. The border of this zone lies about 4,000 to 5,000 ft. on each 
side of the aircraft flight path. It should be remembered that, as we move in from 
the zone of general annoyance to the zone of interference with communication, the 
noise level increases steadily as the aircraft flight path is approached. 

As we move still closer to the aircraft flight path, a point is reached where the 
sound pressures are sufficiently high to create an unpleasant sensation localized in 
the ear. This distance from the flight path is approximately 2,000 ft. just after take- 
off and narrows down slightly as the altitude of the aircraft increases. Obviously 
directly under the aircraft the noise level is still somewhat higher. Thus we have a 
zone on either side of an aircraft in flight in which the noise level decreases continu- 
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Fig. 6.—Distances from an aircraft in flight, at which three different human responses may 
eccur, are shown in this Figure (discussion in text). 


ally with distance, from a high level directly under the aircraft to a level at some 
distance that is below detection by the human ear. At various distances (as indicated 
in the discussions above ), the noise levels are high enough to create specific responses 
on the part of exposed persons. 

The data in Figure 6 pertain to one atmospheric state, that is, one rate of attenua- 
tion of sound by air. This factor may vary, and in certain circumstances the distances 
may be reduced to one-half the values given. Also, there are other conditions under 
which the distances may be greater than indicated in the Figure. These observations 
point to another major area where new studies are needed. These studies must relate 
the loss in acoustic energy to the meteorological characteristics of the atmosphere on 
a given day at a given place. It is not anticipated that one can control these meteoro- 
logical factors, but it is probable that one can obtain sufficient information to predict 
the noise levels at various distances from the aircraft in flight. It may also be possible 
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to relate various attenuation rates to seasonal changes, etc. These data would be of 
great value in selecting air-base sites, establishing runway orientation, and advising 
communities where centers of dense population should or should not be located. 

There are many other factors which influence man’s responses to noise from 
distant aircraft and which therefore influence community response. It is not possible 
to enumerate all these factors now. In fact, work is just being initiated to determine 
the important factors and to assess the relative importance of the factors that have 
been demonstrated to contribute to the over-all community response to aircraft noise. 
Protection from aircraft noise must include control of noise levels in communities 
underlying air operations. 

SUM MARY 

Technical area pertaining to man and his protection from the effects of aircraft 
or other industrial noise is discussed. 

One approach to problems related to man’s protection from noise is discussed. 
This approach is based upon the concept of a functional system, consisting of (a) 
acoustic energy sources, (b) acoustic energy transfer media (paths), and (c) 
acoustic energy receivers, man being the principal receiver considered. 

I-xamples of the application of the functional system concept are presented. 


Currently available measures for man’s protection from noise are evaluated. The 


evaluations considered the following special areas: (a) protection of the ear—pre- 
vention of deafness; (b) protection of the capacity to communicate by voice signals, 
and (c¢) general problems relevant to protection of other human functions, including 
a discussion of the problem of protecting communities from the noise of flight opera- 


tions. In these evaluations technical areas have been cited in which additional work 
is required. 
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Laboratory Methods 
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Hie LABORATORY investigation of the effects of air pollutants on health 

may be compared with studies of the effects of micro-organisms on health. The 
agents concerned with both are apparently limitless. The many and varied atmos- 
pheric pollutants, their ubiquity, their ever-changing status in a physically and 
chemically dynamic atmosphere, and the variations in human response unite to make 
a study of their biological effects extremely difficult. Clinically, this is so even during 
transient disaster periods when pollutant concentrations are high, the emission 
sources are limited, and epidemiological surveys can be undertaken. Studies initiated 
when pollutant levels are below the threshold for the production of immediate 
clinical symptoms and at a time when epidemiologic efforts have proved to be of 
limited value would appear to be well nigh impossible of success. Experimental 
investigations appear equally dismal. Since the problem of atmospheric pollution 
varies in accordance with geographical, meteorological, and local industrial condi- 


tions, the pollutants under investigation must necessarily be limited to those repre- 


senting a specific situation. Any program methodology, however, should be basic 
and with slight modifications capable of application to most studies. This report 
outlines an attempt to develop a research plan for the study of morbid effects attrib- 
utable to a local air-pollution situation in Los Angeles County, California. 

The fundamental requirement for a study of this type is an adequate back- 
ground of chemical and engineering knowledge which will permit duplication of 
atmospheric pollutants in a readily available and easily controllable laboratory tool 
form. Only within the recent past have studies in this direction been partially suc- 
cessful. On both the clinical and the experimental level, physiologic and pathologic 
studies fall far short of satisfaction because of the nonspecific and quite subtle 
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changes that may occur in response to experimental pollutant exposure at realistic 
concentrations. 


In establishing the physical, chemical, and engineering criteria for the synthetic 
reproduction of smog, an awareness of pollutant sources alone may be insufficient, 
since a photochemically active atmosphere can result in the production of many new 


products. These may be quite unlike pollutants at their sources.’ This dynamism 
is of equal significance to medical investigation and to the basic chemical and engi- 
neering analytic facets of the problem, as it appears that many of the morbid effects 
produced in the exposed population are attributable to the new products formed in 
the atmosphere rather than to the pollutants as they are emitted into the air. The 
physical science and biological aspects of the problem are discussed separately for 
convenience only. The actual pursuit of the research requires, of course, simulta- 
neous investigation of both. 


EXPERIMENTAL METHODS 

Chemical.—In our studies the basic biological aim has been directed at dupli- 
cating in experimental animal species the experience that the population undergoes 
when exposed to smog. Since the human exposure is limited primarily to the exposed 
mucous membranes, skin, and upper respiratory tract, it is apparent that the artificial 
reproduction of naturally occurring air pollutants, both qualitatively and quanti- 
tatively, is necessary in a readily available laboratory tool form. 

Inhalation chambers in which temperature, humidity, and pollutant concentration 
can be controlled have been used in the studies on animal species. Air pollutants 
have been studied singly, in combination, and as they occur in whole smog. The 
artificial smog used was prepared according to a modification of the method of 
Dr. Shepherd, of the National Bureau of Standards.* Since our synthetically pol- 
luted atmosphere was a dynamic one, in a manner similar to the naturally oceur- 
ring one, it became apparent that prior to any biological studies a series of repeated 
analytical determinations would be necessary so as to observe the entire life cycle of 
smog from the pollutant source through its build-up and finally to its destruction. 
This cycle, of course, is a naturally occurring one, and smog composition varies 
on the basis of the time of day, the geographical location of sample collection, and 
varying meteorological conditions. 

A chief characteristic of the Los Angeles smog is its marked oxidizing capacity.” 
This property is attributable to many groups of compounds in the air. These 
include ozone, ozonides, organic peroxides, oxides of nitrogen, and aldehydes. 
This characteristic can be measured, and the results, expressed as total oxidants, 
provide an index to atmospheric pollution. While this is adequate for a quantitative 
determination of the intensity of atmospheric pollution, it is far too limited to be of 
use in a biological investigation. Not only do the individual oxidants vary in their 
potency, but some in addition to their oxidation effects may carry a toxicity intrinsic 
in their chemical structure. Further, many of the oxidants act either synergistically 
or in a potentiating manner upon one another. Consequently, it is important that, 
consistent with technical knowledge, not only must the total oxidants in the natural 


and synthetic atmospheric environments be measured but also the percentage con- 
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tribution of each of the oxidizing substances must be determined. For this a series 
of reagents have been used in the manner of a screening test, as shown in the 
following tabulation. 


Reagent Oxidant 
HOL Remove epoxides & re- 
active alkaline material 


HI Ozone 


Ozonides 
Peroxides 
kI Ozone 
Ozonides 
NaOH Remove acid reacting 
materials, including 
organic acids 


NaHSOs ° Aldehydes 
Reduced phenolphthalein Fast-reacting total oxidants 


Alpha naphthylamine 
Sulfanilie acid 


Oxides of nitrogen 


Explosimeter Hydrocarbons 


In initiating our background research plan, a series of questions were formulated. 
1. What is the chemical nature of the pollutants at the time of emission, and what 
new compounds form subsequent to the photochemical activity of the atmosphere ? 
2. What is the physical state of the pollutant material—gaseous, gaseous-particulate 
(aerosol), solid-particulate (soot), or combinations of these? 3. Is the health effect 
related to the physical and chemical nature of the pollutant, or do allied factors 
enter, including, as studied by others, possible increased host susceptibility to upper 


and lower respiratory tract disease ?* 4. Is the host response specific in terms of 
specific pollutants ? 5. Do various pollutants act synergistically or in combination to 
produce a morbid response, since even in disasters the maximum allowable con- 
centration of the toxic substances measured has with one exception never been 
reached?" 6, Is the effect solely one of addition of toxic substances to the atmos- 
phere, or is there a secondary factor, such as interference with solarization, an item 
related to skin tumor morbidity and antirachitic activity ?* Finally, is there a psychic 
effect, and, if so, how can it be measured ? 

Materials chosen to be studied were for the purpose of determining the effect 
of the atmospheric oxidants on appropriate animal species. While the oxidant effect 
is certainly not the only pollutant effect, chemical, engineering, and biological knowl- 
edge is most advanced in relation to it, and on this basis it was selected as the first 
property to be tested. 

Subsequent to the selection of the oxidant effect as the initial test material and 
following a series of crude preliminary exposures in mice and rats, it became appar- 
ent that short-term experimental exposures to realistic or naturally occurring con- 
centrations of oxidants would be of limited benefit. Changes produced would be so 
subtle that standard methods of laboratory measurement would be incapable of 
measuring the alterations in the biological systems chosen for study. A second vari- 
able that required delimitation was the time length of exposure to which animal 
species should be subjected. Preliminary observations indicated that the concentra- 
tion percentage of pollutants was of greater significance than the exposure time. 


* References 4 to 6. 
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Consistent with these observations, in our first experiments a factor of 10 was 
decided upon as being a satisfactory compromise in terms of producing demonstrable 
and perhaps accelerated changes in the test species while, on the other hand, still 
keeping the oxidant exposure sufficiently low so as to introduce little or no experi- 
mental artifact. Unless otherwise stated, the exposure concentration in our test 


Fig. 1—Two large chambers for large mammalian species studies; interior dimensions, 
6 ft. 6 in. by 6 ft. 7 in. by 5 ft. 8 in. 


: Fig. 2—Three small chambers for medium-size mammalian species studies; interior dimen- 
sions, 2 it. 6 in. by 2 ft. 6 in. by 3 ft. Switches at 4 for ultraviolet and fluorescent light energy 
sources for catalyzing photochemistry of artificial smog. Switches on control panel at B for 
Variac units controlling air flow through intake and exhaust air-circulating systems. C, lower 
half of intake filtering system, with Fiberglas and activated carbon filters. 1), stainless steel 
— —— chambers, with intake lines for feeding pollutants into chambers. /, tap for sampling 
of chamber. 


chambers measured 4 ppm total oxidant. This amount represented 10 times the 


total oxidant of 0.4 ppm measured in downtown Los Angeles at noon on a smoggy 
day." Throughout the entire study it was repeatedly noted that additional tests, 
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which are now under pursuit, would be necessary to further establish the equivalence 
of natural and synthetic smog. 


Figures 1, 2, 3, and 4 show inhalation chambers, with associated control and 
analytical equipment. 


hig. 3.—A, valve. B, manometer assemblies for control and measurement of pollutants prior 
to feeding into chambers. C, multiple ozonizers for conversion of oxygen into ozone. D), oxygen 
and nitrogen sources for hydrocarbon vaporization and ozone formation. 


_ Fig. 4.—Close-up of valves and manometers. 4, cart with vacuum pump for continuous or 
intermittent sampling of chambers. B, impingers with reagents for collection of pollutants. 


Biological— Biological investigation can be pursued in two fundamental physi- 
ological systems: in vitro and in vivo. The choice of the individual system must 
depend upon technical feasibility and the particular function or physiological activity 
being investigated. 
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In vitro studies are primarily concerned with the establishment of basic changes 
on the biochemical level so that clues as to the direction of in vivo studies may be 
obtained. All experimental studies were planned on the basis of increasing com- 


plexity of test systems, and the biochemical, physiologic, and pathologic disciplines 


were utilized in their pursuit. Chemical studies were chosen for the initial experi- 
ments for the twofold purpose of, first, determining the degree of smog sensitivity 
of physiological compounds and, second, establishing the need for air-conditioned 
laboratories so that the natural atmosphere would introduce no artifact into the data. 

In vitro studies were made on amino acids, vitamins, nonprotein hormones, 
purines and pyrimidine compounds, porphyrin group compounds, blood and blood 
pigment substances, serum proteins, and enzyme systems. 

In vivo studies were undertaken with use of mice, rabbits, and dogs in intact 
animal systems. Studies included (1) protein and enzyme studies to determine 
pollutant effects on plasma proteins and on enzyme and enzyme systems in intact 
animals; (2) respiratory physiology studies utilizing pulmonary function measure- 
ments and blood gas analyses in experimental species with and without decreased 
cardiorespiratory reserve; (3) amino acid studies to indicate protein structure 
changes through the knowledge of their fate; (4) hemoglobin studies to determine 
pollutant effects on oxyhemoglobin and nitric oxide hemoglobin, methemoglobin, 
and sulfhemoglobin formation; (5) pathologic studies to demonstrate morphologic 
changes in the respiratory tract and other organ systems, and (6) electrolyte studies 
to measure changes in blood concentration and excretion. 

In addition to the already mentioned considerations in the accumulation of 
Inological data, the problem of extrapolation of the findings to human circumstances 
must be constantly kept in mind. This necessitates the introduction of another, and 
perhaps critical, variable into the problem of evaluating experimental data, This 
problem of host response appears to be of fundamental significance when one con- 
siders the epidemiologic observations made in relation to air-pollution disaster 
episodes and the phenomenon of lung cancer increase. 

The repeated observation that morbidity and mortality are primarily in  per- 
sons with antecedent cardiorespiratory disease during periods of abnormal air- 
pollution concentration necessitates the reproduction on the experimental level of 
this condition. Artificial interference with respiratory physiology, cardiac function, 
and general physical status must be the basis for investigating one group of animals. 
Analogous and simultaneous experiments on identical species with normal or unin- 
terfered with biological systems must also be undertaken. Finally, controls, as in 
all experimental studies, must discipline the investigation. 

In chronic studies, including the carcinogenic ones, epidemiologic observations 
again indicate the need for certain additional laboratory controls. 1. Is sexual ditfer- 
ence in the frequency of lung cancer which has been observed in humans applicable 
to experimental species? 2. Is the difference between the daily environments of 
men and women capable of laboratory investigation’? 3. Is the difference between 
urban and rural lung cancer frequency also possible of delineation in laboratory 
studies? And, finally, can laboratory studies be oriented in the direction of dupli- 
cating the human experience in relation to lung cancer, both by using inhalation 
methods of experimentation and by aiming the research at the same target tissue, 
the lung ? 
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CONCLUSIONS AND SUMMARY 


The laboratory investigation of the biological or medical effects of air pollution 
presents three separate major problems. The first is concerned with the qualitative 
and quantitative reproduction of air pollutants in the laboratory as a readily avail- 
able tool. This requires basic knowledge as to the engineering, chemical, and physical 
aspects of pollutant sources. In addition, the creation of new compounds in the 
atmosphere subsequent to photochemical activity must also be studied. The second 
problem is concerned with the choice of biological systems. Ideally, in vitro studies 
should direct toward the more complicated in vivo ones, and individual experiments 
should progress on the basis of increasing complexity. No organ or organ system 
should be free from suspicion in terms of morbid response to air pollution. The 
third major problem is concerned with the duplication of human experience in 
laboratory circumstances. In the acute phase this requires the paralleling of the 
various states of health, or more appropriately ill health, as they exist in the general 
population, This may be critical in view of morbidity and mortality observations 
during the acute episodes of air pollution. The significance of carcinogenic studies 
is directly related to the ability to explain the epidemiological and pathological 
observations made in relation to lung cancer. Specifically, the histopathological 
pattern of the cancer, the organ site, the sexual difference in frequency, and the 
urban and rural difference in incidence are some of the problems to which the labora- 
tory might provide the answers. 
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BENIGN TIN OXIDE PNEUMOCONIOSIS 


GEORGE E. SPENCER, M.D. 
AND 


WILLIAM C. WYCOFF, M.D. 
PITTSBURGH 


HE OCCURRENCE of benign tin oxide pneumoconiosis must be rare, as 

only a few cases have been reported in the American literature. Pendergrass 
and Pryde? described one case in 1948 and reviewed the x-ray characteristics of 
tin oxide, Cutter and associates * reported two cases in 1949, with a description 
of the process by which tin oxide is extracted from serap metal. In 1950, Dundon 
and Hughes * presented a complete study on a fourth case, the patient having died 
of other causes. Their report included autopsy, incineration, and spectrographic 


findings. They also mentioned a series of seven cases reported from Czechoslovakia. 
Herewith is reported another case of benign tin oxide pneumoconiosis, with 
pulmonary function studies and roentgenograms. 


REPORT OF A CASE 


History —A 73-year-old Italian man was referred on Jan. 27, 1954, because of pending 
litigation for “silicosis.” He had been retired for one year because of age but had had a 
routine chest x-ray taken during the course of the United States Public Health Service X-ray 
Survey of Pittsburgh and Allegheny County in the summer of 1953. This was reported to 
the family physician as pneumoconiosis, and the physician, in turn, made a diagnosis of 
“silicosis,” apparently without going into the industrial history. The patient then entered suit 
against his previous employer for total permanent disability as a result of this condition. The 
company medical director, knowing that the patient had never been exposed to silica, referred 
the patient for further examination. The only complaint presented by the patient was slight 
shortness of breath of one or two years’ duration. This was particularly noted on climbing 
one flight of steps or walking up a hill. Associated with the dyspnea was a slight, dry cough. 
He stated that there had been no production of sputum, hemoptysis, or weight loss. There was 
no orthopnea. For the three weeks before examination, the patient had had mild precordial 
distress two or three times without relation to effort. The past medical history was completely 
negative except for a short episode of pleurisy in 1945 and one or two head colds each winter. 

Occupational History.—The patient had been retired for age for one year. Before that he 
had worked for three years as a magnetic sorter, in which work iron scrap was separated 
from other metals by means of a magnetic device. There was no dust involved in this process. 
For eight years prior to that, he had shoveled bituminous coal in the boiler room of the same 
company. For 22 years prior to that, he had been a smelter and bagger of tin oxide made from 
pig tin. For eight years before working with tin, he had been a smelter of zine sulfate. He 
disclaimed any symptoms referable to his chest for the period following his work with tin 
until just about the time of retirement, when dyspnea was noted. 


Assistant Medical Director, Tuberculosis League Hospital (Dr. Spencer) ; Medical Director, 
Federated Metals Division, American Smelting and Refining Company (Dr. Wycoff). 
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Physical E-xamination.—This examination showed an elderly Italian, well nourished and 
developed and in no respiratory distress. Temperature was 98.6 F.; pulse rate, 96: weight, 
187 Ib. There was a tic of the left eyelid, which had been present for five or six years. 

Examination of the chest disclosed a moderate emphysematous configuration, but, aside from 
a few rales at the bases and a slight generalized depression of breath sounds, no abnormalities 
were noted. 

The heart tones were normal, and no murmur was heard. Blood pressure was 178/104, and 
a 1 + pitting edema of both ankles was noted. The liver was not enlarged. The remainder of 
the examination was negative. 

NX -Rays.—Fluoroscopic examination disclosed a generalized mottling throughout the lungs. 
Diaphragmatic motion was somewhat restricted by adhesions. Roentgenographic findings (Figure) 
were characteristic of tin oxide pneumoconiosis. 

Laboratory Studies.—The results of the studies were as follows: Electrocardiogram showed 
a left ventricular hypertrophy; sputum was negative for tubercle bacilli; serologic tests, 


Chest roentgenograms of a 73-year-old white man exposed to tin oxide powder for 
22-year period. 


negative; red blood cell count, 3,890,000; hemoglobin, 14 gm.; white cell count, 7,850, with 


normal differential count; urinalysis, normal; sedimentation rate, 22 mm. in 60 minutes. 
Pulmonary Iunction Studies—These studies showed a vital capacity of 2,900 ce., with 
2,400 ce. expelled in the first three seconds. The maximum breathing capacity was 56 liters 
per minute, with a predicted normal of 92 liters per minute. Thus, the vital capacity was 70% 
of normal and the maximum breathing capacity 61% of the predicted normal. 
Diagnoses were made of benign tin oxide pneumoconiosis, essential hypertension, and hyper- 
tensive heart disease with mild congestive failure. 


COMMENT 


The relatively slight impairment of function with the massive x-ray configura- 
tions is characteristic of the benign nature of tin oxide pneumoconiosis. Ii the 
patient had not had a routine chest x-ray film, neither he nor his physician would 
have suspected the presence of such extensive pulmonary findings. 


Since this is such a rare condition and benign in its manifestations, it is impor- 
tant only to differentiate it from the other, more disabling, pneumoconioses. The 
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history of working with tin oxide and the characteristic extremely dense mottling 
throughout the lungs, which has been described as resembling retained iodized oil 
(Lipiodol), are usually sufficient for differentiation. This case also illustrates the 
importance of taking a thorough industrial history rather than jumping to the con- 


clusion that silicosis is present because a diagnosis of pneumoconiosis has been 
suggested. Today the patient is relatively well and is being treated by his family 
physician for mild congestive failure. 


SUMMARY 


A case of benign tin oxide pneumoconiosis is presented, with roentgenograms 
and pulmonary function studies. The benign nature of the process is emphasized, 
and the importance of differentiation from disabling pneumoconiosis is noted. 
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ACUTE TOXICITY STUDIES OF DECABORANE 
AND PENTABORANE BY INHALATION 


J. L. SVIRBELY, Ph.D. 
PITTSBURGH 


N INCREASING interest has been shown in recent years by a number of 
agencies in many applications of boron hydrides. However, very little infor- 

mation concerning their toxicity or potential dangers resulting from the use of 
these compounds has been available. Detailed studies concerning the toxicity of 
two members of the borohydride series, namely, pentaborane (B;Hy) and deca- 
borane (BygH,4), have been carried out in this department for several years. The 
present report covers one phase of these extensive studies and is concerned with 
the effect of single, moderately long exposures of mice and rats to various concen- 
trations of pentaborane and decaborane. 

The materials used in these studies were commercial samples of a degree of 
purity about 98%. Their chemical and physical properties have been extensively 
reviewed,* 

EXPERIMENTAL INHALATION STUDIES 

A. Acute Toxicity of Pentaborane for Mice and Rats.—-Specifications for the 
cylinders containing about 40 gm. of pentaborane used in these tests are given in 
Figure 1. The pentaborane was supplied in the liquid state and was stored under 
considerable Ny pressure. This excess pressure had to be released in order to pre- 
vent a backflow of pentaborane through the dip tube when the valves were opened 
by permitting it to escape from the outlet valve into a mercury trap after the 
cylinder had been cooled in solid carbon dioxide (dry ice) for about one hour. 

Concentrations of pentaborane-air mixtures (based on volume per cent) for 
these studies were prepared as follows. The cylinder was first cooled to the desired 
temperature in a suitable freezing mixture for approximately one hour, and about 
0.02 liter of Ny per minute was introduced into the inlet tube, which dipped into . 
the liquid pentaborane that filled about one-third of the cylinder. The resulting gas 
mixture was then diluted with a known amount of air as it passed from the outlet 
valve into the mixing tube. The pentaborane-air mixture at the desired concentra- ° 
tion was then passed into a glass exposure chamber of 18.5 liters capacity, with an 
air change about every minute. Details of the apparatus, illustrated in Figure 2, 


have been modified from that used by Werner, Mitchell, Miller, and von Oettingen.® 


Research Associate, Department of Occupational Health, Graduate School of Public Health, 
University of Pittsburgh. 

This work was done under Chemical Corps Contract No. DA-18-108-CMI.-658. Medical 
Laboratories, Army Chemical Center, Md. 

* References 1 and 2. 
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Fig. 1.—Schematic diagram of pentaborane cylinder. 


Maung Tube 
Exhoust 


Ground 
Gloss Piote 


ca 


“Valve 


volves FAS 


fapesure Chembe Chamber 
Cylinder 


Flowmeter Temp. Batn 


Nitrogen 


Fig. 2.—Glass inhalation exposure apparatus. 


| 
ay — | 
\ 
Ye 
4 holes, 
aril! no $2 
Liquid Pentoporane 
8-32 plug » 
soldered o—— 
Sotety 
Volve ~~ 4r 
Compressed 
Air Flowmeter | 
Storage 
Tonk 
, 
Hote Needle 
Volve Volve } 
ter 
| 
| 
| 
LY | 
} | 
} 
| 
| 
299 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


All rubber connections should be kept to a minimum, since they deteriorate rapidly 
in contact with borane-air mixtures. Constant attention had to be paid throughout 
the exposure in order to’prevent back pressure of the liquid pentaborane through 
the dip tube due to possible air resistances that may suddenly be encountered, 
The calculated concentration in each case was based on the vapor pressure of 
pentaborane at the cylinder bath temperature and the dilution rate with a known 


Tante 1.—Preliminary Acute Inhalation Exposures of Nonfasted Male Mice of CFW Strain 


to Pentaborane-Air Mixtures 


Dura- 
tion 
Ay Cale, of Ex Mortality During and After Exposure 
Conen., posure, 
Gm Min. 6-1 Hr 12Hr. 2-4 Hr. 24 Hr. 1 Wk. 2 Wk. Comments 
270 2R5-235 15 5/5 (2/5 dead in 5 min.; 4/5 dead in 6 min.; Following observations were noted 
5/5 dead in 11 min.) to a greater or less degree depending 
on concentration and duration of ex 
0 WO Is 5/5 (2/5 dead in 25 min.; 55 dead in 37 min.) posure: convulsions; tremors; bulg- 
99.0 0.9 a 1/10 10/10 ing eyes; running-like movements of 


forelegs and hindlegs; acute deaths; 
00 16.0 0/10 910 910 ww oceurrence of corneal opacities after 
death; abdominal distention; tend 


79.0 24.0 SO 4/5 a5 sees . ency to crawl feebly while having 
, 4 tremors; restlessness; mild convul 
44 13 2 1% 110 10/10 sions; convulsive death with ejacu- 
(15-12) lated semen; tremors even at end of 
20.0 4.3 120 0/10 0/10 010 010 exposure; cyanotic death; convulsive 
death following end of exposure and 

6 ow ow 1010 delayed transient tremors 


Taste 2.—Preliminary Acute Inhalation Exposures of Nonfasted Male Rats of CFW Strain 
to Pentaborane-Air Mixtures 


Dura 
tion 
Av. Cale. of Ex Mortality During and After Exposure 
Wt.,  Conen,, posure, 
Gm, Ppm Min. O-1 Hr. 12Hr. 24Hr. 1 Wk. 2 Wk. Comments 
200 285-285 1b 3/3 (1/3 dead in 13 min.; 3/3 dead in 15 min.) Following observations were noted 
ont 56.0 18 2/3 2/3 2/3 24 2/2 2/3 to # greater or less extent depending 
20.2 45 45 15 15 posure: spasms; running in a cireu 
M4 22 Po) 0/5 4/5 4/5 45 4/5 4/5 lar motion about cage; bulging eyes; 
168 16.0 x1 0/5 0/5 0/5 2/5 9/5 2/5 corneal opacities after death; abdom- 
16.0 » 2/9 about head region; mild tremors; 
297 40 2/3 3/3 jittery condition at end of exposure; 
43 13.2 120 0/6 06 2/6 2/6 2/6 2/6 eyanotic death; normal state and 
(15.12) restlessness followed by tremors at 
199 13.2 0/4 3/4 3/4 3/4 a4 
(15-12) 

268 4.3 120 O7 07 O7 O7 

307 4.3 120 0/3 038 03 O38 

“7 16 0/10 010 ol ow 


volume of air. The customary procedure of weighing the cylinder before and after 
the exposure in order to calculate the concentration was not accurate owing to the 
slight amount of pentaborane volatilized during a test run. Attempts to analyze 
the pentaborane-air mixtures by chemical methods were not satisfactory at this 
time, but experience in other laboratories has indicated that calculated concentra- 
tions from vapor pressure values are generally slightly higher than would be 
actually found by direct analysis. 
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ACUTE TOXICITY STUDIES OF DECABORANE 


AND PENTABORANE 


Nonfasted mice of CFW strain and rats of CFW strain which had been main- 
tained on a basal diet of Rockland Rat Diet + were exposed simultaneously to 
various concentrations of pentaborane-air mixtures in the glass exposure chamber. 
The data obtained in preliminary experiments have been summarized in Tables 
1 and 2 for the mice and rats, respectively. The results indicated that the animals 
would not survive a four-hour exposure period except at very low concentrations. 
In order to calculate the L.D.50, the exposures were limited to a two-hour period. 
The mortality found and the observations noted during the two-hour exposure 
period are given in Tables 3 and 4. The L.D.s59 was calculated according to the 
method of Thompson * which makes use of moving averages and interpolation to 
estimate the median effective dose. 


TasBLe 3.—Experimental Data Used to Calculate L.D.s in Nonfasted Male Mice of CFW Strain 
for a Two-Hour Exposure to Pentaborane-Air Mixtures 


Av. Cale. Mortality During and After Exposure 
Wt., Conca., - 
No. Gm. Ppm OlHr. 12Hr. 24Hr. 1 Wk. 2 Wk. Comments 
10 28.0 20.2 2/10 10/10 Following observations were noted to a 
greater or less degree depending on concen- 
10 29.5 16.0 1/10 9/10 10/10 eae Per ao tration: transient as well as marked trem- 
F ors; running-like movements of forelegs and 
F hindlegs; corneal opacities after death; rest- 
10 28.0 12.6 0/10 0/10 0/10 0/10 0/10 0/10 Jessness; toleration of side position; con- 
vulsive death, with ejaculated semen, and 
10 26.7 10.0 0/10 2/10 2/10 2/10 2/10 2 tendency to huddle up 


Tas_e 4.—Experimental Data Used to Calculate L.D.o in Nonfasted Male Rats of CFW Strain 
for a Two-Hour Exposure to Pentaborane-Air Mixtures 


Mortality During and After Exposure 
= 


No. Gm. Ppm OlHr. 12Hr. 2-4Hr. 24 Hr. 1 Wk. 2 Wk. Comments 

5 265 20.2 0/5 3/5 5/5 ok Following observations were noted 
230 20.2 0/5 2/5 4/5 5/5 greater or less degree depend- 

6 212 16.0 0/5 oye 0/5 ors; running-like movements of 
> 276 16.0 0/5 2/5 3/5 3/5 3/5 3/5 upper part of body; convulsive 
5 254 12.6 0/5 0/5 0/5 0/5 0/5 0/5 type pene oe ejaculated semen; 
2 corneal opacities after death; de- 
5 286 12.6 0 0/5 0 0/5 O/5 pressed breathing; bulging eyes; 
5 274 10.0 0/5 0/5 0/5 0/5 0/5 0/5 jittery as well as cyanotic state at 
5 /5 end of exposure; normal state 


L.D.w (2 hr.) for mice = 14.1 ppm within limits of 13.5 and 14.8 ppm or 0.037 mg. per 
liter within limits of 0.035 and 0.038 mg. per liter. 

P L..D.so (2 hr.) for male rats = 19.5 ppm within limits of 17.6 and 21.9 ppm or 0.051 mg. 

per liter within limits of 0.046 and 0.057 mg. per liter. 

There were additional calculations for the two-hour exposure period and for an 

P extended two-hour period of observation following the end of the exposure. These 

values have been calculated as follows: 

L.D.« (4 hr.) for mice = 10.9 ppm within limits of 10.5 and 11.3 ppm or 0.028 mg. per 
liter within limits of 0.027 and 0.029 mg. per liter. 

L.D.so (4 hr.) for male rats = 17.8 ppm (0.046 mg. per liter) with no range calculable. 

B. Acute Toxicity of Decaborane for Mice and Rats.—The decaborane used in 

these studies was a white crystalline solid which sublimed readily at temperatures 

exceeding 35 C. Concentrations of decaborane-air mixtures were prepared by pass- 


+ Rockland Farms, New City, N. Y. 
301 


4 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


ing 16 liters of air per minute through two modified Vigreaux “bubblers” (illus- 
trated in Figure 2) connected in series or through a Turner bulb ¢ containing 
decaborane at a definite temperature. Ball and socket joints were used for borane-air 
mixtures whenever possible. The bubblers or bulb were weighed before and after 
the exposure in order to calculate the amount of decaborane that was volatilized 
during the test. The decaborane-air mixture was then passed into the glass exposure 
chamber previously described for the pentaborane-air mixtures (Fig. 2). The 
bubblers or bulb were substituted for the pentaborane cylinder. 


Taste 5.—Acute Inhalation Exposures (Four Hours) of Nonfasted Male CFW Mice 


Mortality During and After Exposure 
Ppm OlHr. 12Hr. 24Hr. 2Hr. 48 Hr. 1 Wk. 2 Wk. Comments 


9.2 0/10 0/10 7/10 10/10 (all mice dead about 2 hr. Following observations were noted to a 
after end of exposure) greater or less degree depending on con- 

centration: restlessness; occurrence of 

772 0/10 0/10 1/10 10/10 pone cae ange corneal opacities; depressed breathing; 
incoordination; generalized weakness; 

0/10 0/10 0/10 10/10 stuporous state; cyanotie condition; 

, jerkiness of head; wobbliness; death; 

0/10 0/10 0/10 8/10 9/10 / spasmodic movements after recovery 

: from stuporous state; rapid as well as 

labored breathing; slight opacity as well 

0/10 0/10 0/10 4/10 7/10 ’ as bulging eyes; failure to come out = 

. stuporous state even 3 hr. after end o 

0/10 0/10 0/10 4/10 10/10 “ato ti exposure; listlessness even 20 hr. after 

: : ‘ end of exposure; tendency to huddle up; 

0/10 0/10 0/10 1/10 2/10 3/10 3/10 mild transient spasms; convulsive type 

' death; fairly active by next morning 
0/10 0/10 1/10 1/10 1/10 2/10 2/10 and exudates about closed eyes 


TasLe 6.—Acute Inhalation Exposures (Four Hours) of Nonfasted Male CFW Rats 
(Five Rats per Group) to Decaborane-Air Mixtures 


Mortality During and After Exposure 
— 


0-1 Hr. 1-2 Hr. 24 Hr. 24 Hr. 48 Hr. 1 Wk. Comment 


0/5 0/5 0/5 0/5 O/5 Following observations were noted 
0/5 0/5 0/5 0/5 0/5 to a greater or less extent depending 
ie on concentration: normal activity 
0/5 0/5 0/5 0/5 0/5 during exposure, while at end of ex- 
0/5 0/5 0/5 0/5 o/b 5 posure corneal opacities; cloudiness in 
E 4 d as well as bulging eyes; slight nasal 
0/5 0/5 0/5 0/5 discharge; instability or spasms on 
0/5 0/5 0/5 0/5 : being touched after removal from 
y chamber; glazed eyes; listlessness and 

0/5 0/5 0/5 0/5 normal state 


Nonfasted mice and rats kept in this laboratory were exposed simultaneously 
for a four-hour period to various concentrations of decaborane-air mixtures in the 
glass exposure chamber previously described. The data obtained in this study are 
given in Tables 5 and 6. Based on the data given in Table 5, the L.D.50 values for 
mice have been calculated to be as follows: 


L.D.o (24 hr.) = 36.5 ppm (0.182 mg. per liter) within the range of 30.9 ppm (0.154 mg. 
per liter) and 43.1 ppm (0.220 mg. per liter). 


L.D.w (48 hr.) = 25.7 ppm (0.122 mg. per liter) within the range of 22.8 ppm (0.114 
mg. per liter) and 28.0 ppm (0.144 mg. per liter). 


L.D.59 values for rats could not be calculated, since they were resistant to the toxic 
effects of decaborane at the dosage levels employed. 


t No. 1960 Corning Glass Works Catalogue LP34, 1954. 
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(Ten Mice per Group) to Decaborane-Air Mixtures 
Gm: 
31.0 
81.5 
83.5 
82.2 
23.7 
21.6 
28.0 
23.0 
Cale. 
Wt., Conen., 
Gm. Ppm 
280 95.2 
251 77.2 
229 0.7 
265 37.3 
287 30.7 
247 24.2 
233 17.2 
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ACUTE TOXICITY STUDIES OF 


DECABORANE 


AND PENTABORANE 


COM MENT 


With pentaborane-air mixtures, the onset and severity of the symptoms as well 
as the number of acute deaths among the mice and rats depended on the concen- 
tration and duration of exposure. The tremors and jittery state of the animals 
persisted, as a rule, for a considerable time after removal from the exposure cham- 
ber. Recovery from the toxic effects of pentaborane was rapid as compared with 
the delayed effects of decaborane. No explanation is available at the present time 
to account for the occurrence of the corneal opacities or cloudiness in the eyes after 
the death of mice or rats exposed to various concentrations of pentaborane-air 
mixtures. 

Mice appeared to be more sensitive than rats to the toxic effects of decaborane, 
although the onset as well as the severity of the symptoms again depended on the 
concentration of the decaborane-air mixtures. Corneal opacities were noted in the 
eyes of the mice within a relatively short time after the exposures had been started ; 
these opacities were also observed in some of the rats. Gross pathological changes 
noted among the majority of the mice included slightly darkened adrenals, con- 
gested or fatty livers, marked gaseous distention of the gastrointestinal tract, con- 
gested lungs, and ejaculated semen. 

The hazards involved in handling pentaborane and decaborane are better under- 
stood if their toxicity is appraised on the basis of the “hazard index,” * which is the 
ratio of their saturation concentration to their L..D.59 at the same temperature. On 
comparing the vapor pressures as well as the L..D.59 values of pentaborane and 
decaborane, one would expect pentaborane to be more of a hazard to handle than 
decaborane, although decaborane itself is toxic. 


SUMMARY 


The data from acute inhalation exposures of mice and rats to pentaborane as 
well as decaborane-air mixtures have indicated that these boron hydrides are 
extremely toxic chemical compounds and affect the central nervous system. 

The L.D.59 values calculated for the two-hour exposure period with pentaborane 
were 14.1 ppm (0.037 mg. per liter) and 19.5 ppm (0.051 mg. per liter) for male 
mice and rats, respectively. 

The L.D.59 values for the four-hour period (two-hour observation following 
the two-hour exposure with pentaborane) were calculated to be 10.9 ppm (0.028 
mg. per liter) and 17.8 ppm (0.046 mg. per liter) for male mice and rats, respec- 
tively. 

The L.D.59 values for mice exposed 4+ hours to decaborane were found to be 
36.5 ppm (0.182 mg. per liter) and 25.7 ppm (0.122 mg. per liter) for 24 hours 
and 48 hours, respectively. The rats appeared to be resistant to the toxic effects 
of this compound at the dosages employed in the experiments, so no values could 
be calculated. 

Recoveries of mice and rats from the toxic effects of pentaborane were more 
rapid than from decaborane as far as these acute inhalation studies have indicated. 

In consideration of the chemical and physical properties of pentaborane as well 
as decaborane and the data obtained from these studies, it must be emphasized that 
these compounds present a serious potential hazard in their manufacture and use. 
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SUBACUTE TOXICITY OF DECABORANE AND PENTABORANE VAPORS 


J. L. SVIRBELY, Ph.D. 
PITTSBURGH 


NTIL RECENTLY, very little information has been available concerning the 
toxicity of various members of the borohydrides, although they have found 
increased use in laboratories and in industry. These compounds include, among 
others, diborane (B2H¢ [b. p., —92.5 C.]), pentaborane (BsHy [b. p., +58 C.]), 
and decaborane (BioHi4 [m. p., +99.7 C.]). Although diborane had been avail- 


able on a large scale for some time, its toxic properties were listed as unknown in 
1946.! 


During the past few years, extensive studies concerning the toxicity of deca- 
borane and pentaborane have been carried out in this department on laboratory 
animals. These compounds were obtained from commercial sources and were of a 
degree of purity better than 98%. A brief summary of some of the data obtained 
during the early stages of these studies has recently been published.* 

A previous report from this department discussed the effects of single, mod- 
erately long exposures of mice and rats to various concentrations of decaborane 
and pentaborane.* These acute inhalation studies indicated that these compounds 
were extremely toxic and affected the central nervous system. The nervous system 
effects observed with these two compounds in rats and mice were similar to those 
experienced by plant personnel working in an atmosphere contaminated with an 
undetermined mixture of boron hydrides.‘ 

Although valuable data can be obtained from such acute toxicity studies, infor- 
mation concerning the toxic effects of compounds by repeated exposures to con- 
centrations of a subacute or chronic level is much more important from the industrial 
health viewpoint. Therefore, experimental work was undertaken at this time to 
determine the effects of repeated exposures to decaborane and pentaborane at a 
subacute level on rats preparatory to long-term tests of a chronic type with various 
species of animals. 

METHODS 

The male rats used in these experiments were adults from a CW strain maintained in 
this laboratory for several months on a ration of Rockland Rat Diet.* The male guinea pigs 
used were a heterogeneous stock purchased from a commercial breeder and were fed a diet of 
Rockland Rabbit Ration * and vegetables supplemented daily with ascorbic acid. The basic 
diet and water were available to the animals at all times except when the exposures were in 
progress. 


Research Associate, Department of Occupational Health, Graduate School of Public Health, 
University of Pittsburgh. 


This work was done under Chemical Corps Contract No. DA-18-108-CML-658, Medical 
Laboratories, Army Chemical Center, Md. 


* Rockland Farms, New City, N. Y. 
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Exposures were carried out in a glass chamber of 18.5 liters capacity as previously 
described. Concentrations of decaborane-air mixtures were prepared by passing 16 liters of 
air for a specified time through two modified Vigreaux “bubblers,” connected in series, which 
contained decaborane crystals at definite temperatures.* The concentrations of the vapor-air 
mixtures were calculated by dividing the weight of decaborane vaporized during the exposure 
period by the amount of air used. 

With pentaborane, the concentrations were again based on volume per cent.* These vapor- 
air mixtures were prepared by lowering the cylinder with bath temperature to about —40 C., 
passing 0.015 liters of Nz per minute into the cylinder, and diluting the resulting gas mixtures 
with known amounts of air. 

Hematological examinations were made of blood taken at definite time intervals from 
the clipped tails of rats exposed to decaborane, as well as samples from control rats, before, 
during, and after the four-week exposure period. Blood samples were taken in the morning, 
approximately 16 hours after an exposure. The determinations consisted of red and white cell 
as well as differential counts in addition to hemoglobin and hematocrit determinations. Total cell 
counts were made in duplicate within two or three hours after the blood had been obtained. 
Differential counts were made from two smears stained with Wright's stain. Generally 100 cells 
were counted, although with exposed animals at least 200 cells were counted if there was an 


Tas_e 1.—Preliminary Work for Subacute Inhalation Exposures with Decaborane 


Period, Exposures, 
Ppm No. Mortality 


S4 2 3/3 (All rats dead within 1 hour before end 
of 2d exposure period) 


$2 2to3 3/3 (1 rat dead about 18 hr. after 2d exposure 
with a weight loss of 80 gm.; 1 rat dead 
about 18 br. after 3d exposure with a 
weight loss of 28 gm.; 1 rat dead about 
42 hr. after 3d exposure with a weight 
loss of 64 gm.) 


0/3 (2/3 rats had a weight loss of 40 gm.; 
3d rat had a weight loss of 54 gm, at 
end of Sth exposure period) 


alteration in the differential picture. The hemoglobin was determined by an alkaline-hematin 
method © and the hematocrit by the Van Allen microhematocrit method.® Statistical analysis of 
the hematological findings was done by means of the Fisher t-test.? 


Periodically, during and at the end of the experimental period, the animals were weighed 
and killed by decapitation. Observations were made of the gross appearance of each animal, 
and certain organs were weighed. Tissues from these animals, as well as from those that died 
during the experimental period, were saved and prepared for microscopic examination. A report 
of these histopathological studies will be published at a later date. 


RESULTS 

A. Decaborane-Air Mixtures.—Previous acute inhalation exposures carried out 
in this laboratory had indicated that rats, as compared with mice, were resistant 
to the toxic effects of varying concentrations (95 to 17 ppm) of decaborane during 
a four-hour exposure period.’ No deaths were found to occur in groups of five rats, 
each exposed for one period at the various dosage levels employed. An extension of 
these studies, given in Table 1, indicated that decaborane-air mixtures from 84 to 
32 ppm were fatal but apparently 18 ppm could be tolerated over an extended period 
of time. 

For the present study, 15 rats were exposed daily to a concentration of about 
20 ppm. Exposures were generally for a six-hour period, five days a week, except 
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Fig. 1—Growth curve for rats following exposure to decaborane vapors. 
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Fig. 2—Hematological findings in rats following exposure to decaborane vapors. 
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on holidays and week ends. Blood counts were done periodically on 10 exposed 
and 5 control rats. These rats were weighed at regular intervals, and the weight 
changes, illustrated in Figure 1, indicated a definite decrease in weight during the 
exposure week, followed by an increase in weight over the week end and holidays. 
This weight loss might be attributed to a loss in appetite resulting from the effects 
of decaborane. 


The severity of the symptoms observed during the exposure period increased 
with the length of the exposure and did not appear to be alleviated during the 
nonexposure periods. Among the observations noted were nervousness, listlessness, 
a tendency to cower, blinking eyes, unsteadiness, dyspnea, ataxia, hiccup-like con- 
vulsions, facial twitching, muscular incoordination, twitching-like shaking motions 
of the head, slight convulsions, a slight to moderate discharge about the eyes and 
nose, more pronounced convulsions with extended exposures, a tendency to jump 


Tape 2.—Statistical Analysis of Hematological Findings in Rats of CFW Strain Exposed to 
Decaborane-Air Mixtures 
(Average Calculated Concentration, 20 Ppm)—Twenty-One Exposures in Thirty-Two Days 


Total Post- 
Exposure Exposure Period, Days exposure 
Period — Period 
Test (X - (32 Days) ll (11 Days) 


Red blood cells +* 
Hematocrit +* 
Hemoglobin 


Mean corpuscular hemoglobin concentra- 
tion (MCHC) 


Mean corpuscular hemoglobin (MCH)... 

Mean corpuscular volume (MOV) 

White blood cells 

Polymorphonuclear leucocytes, % 
Polymorphonuclear leucocytes, no +* 


X — C = mean values of exposed rats as compared with those of control rats. 
+ = first term greater than second term. 
~~ == second term greater than first term. 


oe } very reliable difference P <0.01, 


- } moderately reliable difference P <0.05. 


+ } no signifieant difference P >0.05. 


when the cage was touched, and loss in weight. Listlessness, facial twitching, blink- 
ing eyes, irritability, and nervousness persisted among the rats one week after the 
exposures had been terminated. 

The hematological examinations, which were made before, during, and after 
the end of the exposures, have been charted in Figure 2. The statistical analyses 
of the mean value of the data obtained during the following exposure period are 
given in Table 2. The significant increase in red blood cells and hematocrit during 
the exposure period might be due to dehydration, since there was a weight loss in 
the exposed rats. In the postexposure period there was not only a significant 
decrease in hematocrit and hemoglobin but also an increase in the percentage as well 
as the number of polymorphonuclear leucocytes. This rise in the polymorpho- 
nuclear cells had also been observed during the exposure period. 

Gross pathological examination of the various organs examined in two rats 
killed at the end of two weeks’ exposure showed enlarged adrenals, slightly fatty 
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livers, and emaciation. After three weeks of exposure, essentially the same picture 
was noted in three other rats: dark-colored adrenals, congested livers with fatty 
areas, apparently normal lungs except that cut sections showed extensive bleeding, 
and emaciation. At the end of 20 to 21 exposures, four rats were killed. They were 
emaciated ; the adrenals appeared to be enlarged and dark-colored, the livers were 


friable or fatty, the lungs seemed normal although in one rat edema was observed 


Taste 3.—Response of Male Nonfasted Guinea Pigs to Subacute Inhalation Exposures of 
Decaborane-Air Mixtures 
(Average Calculated Concentration, 20.9 Ppm) 


Guinea 


Pigs, No. 


6 


Exposures 
of 6 Hr., No. 


5to6 


Mortality 
1 dead 13 hr. after 


Weight 
Loss, Gm.* 


au 


Symptoms 
Dyspnea; inflamed or opaque 


eyes; no inclination to move; 
colorless exudate about eyes; 
convulsions; listlessness; tend- 
eney to lean on right side; 
hunched up position; tremors 
and emaciation 


5th exposure 
dead 16 hr. after 
exposure 
4 killed % hr. at 
end of Sth ex- 
posure 


* Initial weight around 700 to 900 gm. 
Gross pathological findings: liver congested or fatty, with excessive pigmentation; lungs clear or con- 
gested, with slight to moderate edema. 


TasLe 4.—Response of Male Nonfasted Rats of Ci W Strain to Subacute Inhalation Exposure 
of Pentaborane-Air Mixtures 
(Average Calculated Concentration, 3.3 Ppm) 


Expo- Weight 
Rats, sures, Mor- Changes, 


No. No. tality Gm. 
1 1 


Comments* 


Surviving rats presented a dazed condition at end of expo- 
sure, showed no inelination to move, had no desire to 
eat or drink 

M4 Belligerent attitude in some rats during exposure; mild 

tremors; brief mild convulsions; rhythmie breathing 

Belligerent attitude more pronounced; mild tremors; 
delayed (gasping) type breathing; rage and biting 
instinet toward one another; salivation; mild or 
marked transient convulsions; hyperexcitability; 
chewing-like motion; 2/5 rats that appeared to act nor- 
mally suddenly had marked convulsions toward end of 
exposure; 1 of these rats died 25 min. after end of ex- 
posure but not in convulsive state 

Mild tremors and belligerent attitude; delayed (gasping) 
type breathing; salivation; apprehensiveness; tendency 
to chew tail: marked convulsions; dazed condition; 


death 
3 0 0 +3 Control rats appeared normal 


* Gross pathological findings among rats that died showed in 

Exposure 1—Dark-colored adrenals; congested liver and spleen; apparently normal lungs. 

Exposure 2—Dark-colored adrenals; congested or fatty liver; congested lungs (only 1 rat showed slight 
edema). 

Exposure 3—Dark-eolored adrenals; congested lungs, liver, and spleen In 2 rata (these rats had shown 
the rage instinct); organs normal in other 2 rats, although 1 rat had seminal ejaculate. 

Exposure 4—Dark-colored adrenals; congested lungs and liver; corneal opacity in right eye; seminal 
ejaculate. 

Controls—Organs appeared normal. 


11 days after the end of 21 exposures, the organs in one rat were noted to be normal, 
the lungs were congested in another, and the liver appeared to be slightly fatty in 
a third rat. Thirty-four days after the end of the exposure period, the organs in 
two rats appeared to be normal, while the liver in a third rat seemed to be slightly 
fatty and pigmented. No gross changes were observed in the organs of the control 
rats. 
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Guinea pigs were also exposed under the same conditions as the rats. The data 
obtained with them are given in Table 3. The majority of the guinea pigs were 
killed at the end of the fifth exposure, since their condition indicated that they would 
not survive the week-end period. 


B. Pentaborane-Air Mixtures.—Preliminary exposure studies had indicated that 
rats could survive a single four-hour exposure to a calculated concentration of 
around 4.6 ppm of pentaborane.* In an additional pilot study, three rats were 
exposed to a different concentration of this mixture (about 8.7 ppm). All died 
within four and three-fourths hours after the start of the exposure, with more pro- 
nounced symptoms than those reported on rats exposed to 10 ppm for a two-hour 
period." 

On the basis of these two studies, and in consideration of the time required to 
cool the pentaborane cylinder to —40 C., 15 rats were exposed daily for a five-hour 
period, five days a week, except on holidays and week ends, to a concentration of 
around 3.5 ppm of pentaborane. Although hematological studies had been planned, 
they were not done owing to the rapid deaths of the rats. 

No unusual symptoms were noted during the first four hours of exposure. How- 
ever, one rat had mild convulsions and delayed breathing (gasping type) and was 
dead within four and one-half hours after the start of the exposure. The number of 
exposures, mortality rate, weight changes recorded, observations noted, and gross 
pathological changes observed among the rats in this study are given in Table 4. 


COM MENT 


The observations noted among the rats following repeated subacute exposures 
to decaborane or pentaborane-air mixtures indicated that the central nervous system 
effects were more pronounced and aggravated in comparison with the nearly normal 
behavior observed in rats following a single exposure to these compounds.* With 
repeated exposures to decaborane, nervousness, listlessness, a tendency to cower, 
unsteadiness, a state of belligerency (the rats attempted to bite objects introduced 
into the cage), convulsions, and coarse tremors of the head were observed. Some of 
these symptoms persisted a week after the end of the exposure. An appreciable 
weight loss was also noted among these rats during the exposure period. The central 
nervous system effects and the weight loss seemed to portray the toxic effects of 
decaborane at an earlier date than any alterations in the blood picture. 

Guinea pigs exposed for about a week to the same concentrations as the rats 
showed dyspnea, inflamed eyes, no inclination to move, convulsions, tremors, and 
emaciation. 

Rats exposed to repeated inhalation of pentaborane-air mixtures exhibited a 
more marked central nervous system effect than rats exposed to a higher concen- 
tration of decaborane. Following the first exposure, a marked response was noted 
which consisted of an aggressive as well as a belligerent attitude, a “rage instinct” 
toward one another, salivation, hyperexcitability, a tendency to chew their own 
tails as well as those of the other rats, apprehensiveness, and mild or marked con- 
vulsions. A somewhat analogous type of response (which included marked saliva- 
tion, extreme “restlessness,” and a “biting reflex’? on contact with one another) 
had been reported during the early part of the second, third, and fourth weeks among 
rats exposed to 1,600 ppm of tetrachloroethylene.* 
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From the observations noted and the mortality found among rats repeatedly 
exposed to relatively low levels of decaborane (20 ppm) or pentaborane (3.3 ppm), 
it appears that the toxic effects of these compounds were accumulative. This type 
of exposure might be potentially more serious than single acute exposures. More- 
over, with extended periods of time, the likelihood of injurious effects from such 
exposures would be increased if adequate ventilation, hygienic, and protective meas- 
ures were not observed by personnel who handle these compounds, 

Maximum allowable concentrations for these compounds cannot be definitely 
estimated from the inhalation studies reported so far. The results do suggest that 
“safe” concentrations would be of low order of magnitude. Further work is in 
progress to permit estimations of concentrations which could be tolerated by person- 
nel handling these compounds over prolonged periods of time. 


SUMMARY 


The central nervous system effects observed previously among rats and mice in 
acute inhalation studies with decaborane and pentaborane were noted to be more 
persistent and aggravated in rats exposed repeatedly to subacute concentrations of 
decaborane (about 20 ppm) or pentaborane (about 3 ppm), while a “rage instinct” 
was more pronounced in rats exposed to pentaborane. States of belligerency, hyper- 
excitability, and persistence of tremors after exposure were noted with both of these 
compounds. 

These nervous system effects, as well as the loss in weight, noted among rats 
during the exposure period appeared to be more significant factors regarding the 
toxic effects of decaborane than alterations in the hematological picture. A signifi- 
cant increase in red blood cells, hematocrit, per cent and number of polymorphonu- 
clear leucocytes was noted during the exposure period. The increase in red blood 
cells and hematocrit might be attributed to dehydration in the rats. 

An accumulative toxic effect appeared to be built up in rats with repeated sub- 
acute exposures to decaborane and pentaborane, as judged by the observations 
recorded and the mortality found among the animals. Detoxification of these 
compounds within the animal body did not seem to occur readily even at the 
relatively low concentrations employed. 
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TREATMENT OF ORGANIC LEAD (TETRAETHYL) INTOXICATION 
WITH EDATHAMIL CALCIUM-DISODIUM 


KARL V. KITZMILLER, M.D. 
JACOB CHOLAK, Ch.E. 
AND 
ROBERT A. KEHOE, M.D. 
CINCINNATI 


HE BENEFICIAL effects anticipated and apparently realized to some extent 

from the administration of ethylenediamine-tetraacetic acid (EDTA) in inor- 
ganic lead poisoning prompted its use in the treatment of three cases of organic lead 
poisoning seen recently in Panama. 

For many years poisoning of this type has been confined almost entirely to 
workmen in the petroleum industry engaged in cleaning storage tanks that had con- 
tained leaded gasoline. The hazard of organic lead poisoning in this occupation 
resides primarily in the sludge which forms beneath the water bottom underlying 
the gasoline in a storage tank. In addition to varying amounts of gasoline, such 
sludge contains small quantities of decomposition products of tetraethyl lead and 
may contain tetraethyl lead itself in concentrations which occasionally reach or even 
exceed 0.1%. This sludge may be the source of dangerous concentrations of lead 
in the atmosphere within the tank under ordinary conditions of temperature. If 
workmen aré exposed to such contaminated atmosphere without suitable protection 
for sufficient periods of time, acute illness will result. 


The length of time required for such exposure to give rise to serious lead poison- 
ing will vary with the concentration of tetraethyl lead vapor in the air, but it is 
possible to breathe in and absorb a lethal dose of tetraethyl lead in one-half hour. 
Under less severe conditions, a few hours of exposure on one day or on a number 
of successive days may induce a serious or fatal illness. 


The rapidity and severity of the onset of organic lead intoxication are directly 
related to the intensity and duration of the exposure. In the early stages of severe 
cases and at all times in those cases in which the exposure has been minimal the 
symptoms may be ill-defined, but they soon develop into a remarkably characteristic 
pattern in the severe cases. The interval of time which elapses between exposure 
and the onset of illness may vary from several hours to a period of several days in 
the severe cases, the severity of the exposure and the resultant illness tending to be 
inversely related to the rapidity of onset. When the exposure has continued inter- 
mittently for some time at a low level of intensity, recognizable symptoms may be 


From the Kettering Laboratory in the Department of Preventive Medicine and Industrial 
Health, University of Cincinnati College of Medicine. 

Read before the Section on Preventive and Industrial Medicine and Public Health at the 
103rd Annual Meeting of the American Medical Association, San Francisco, June 22, 1954. 
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delayed for a period of two or three weeks. When the exposure has been slight and 
of short duration, a true clinical picture may not develop, or it may be difficult to 
detect or to differentiate from an anxiety state, particularly in men whose exposure 
can properly be regarded to have been negligible but yet has been had under condi- 
tions which the workman himself cannot differentiate from those which have caused 
serious or possibly fatal illness. In mild cases that result from a single or brief 
period of exposure the symptoms usually regress rapidly, and recovery is complete 
within a week or so. In the more serious cases the illness progresses rapidly toward 
a state of acute mental disturbance characterized by delirium, mania, convulsive 
seizures, and coma. Visual and auditory hallucinations are usually present in these 
severe cases. Lucid periods may precede or follow these bouts of mania and delirium, 
and at this time the patient is usually depressed and apathetic. Relapses are com- 
monly observed, although signs pointing to eventual recovery are usually apparent 
within a week or so after the onset of the acute illness. Prognosis as to life should 
be guarded during the early stages in those cases exhibiting severe mental derange- 
ment. The prognosis for recovery is excellent once the critical stage has been passed, 
and complete restoration of physical and mental faculties occurs usually within the 
period of 4 to 10 weeks. Any attempt to classify the illness in one category or 
another or to attempt to relate the effectiveness of any special medication or thera- 
peutic procedure with respect to these symptoms contributes little to an understand- 
ing of the clinical syndrome, since these patients at some time during their illness 
exhibit the features of all and frequently pass from one to the other or even from a 
relatively normal mental state to one of gross disturbance with amazing rapidity. 
The mental disturbance may subside at any time, with or without treatment. 

The tank-cleaning operations that resulted in the acute poisoning of a number 
of workmen in Panama extended over a period of two weeks. 

Although several of the workmen complained of insomnia, bad dreams, restless- 
ness, and loss of appetite after the third day of work in the tanks, all continued to 
stay on the job until the cleaning operations were discontinued when three men 
failed to report for work. One of these men was admitted to the hospital the follow- 
ing day and died two days later. Another of these workmen, who had been sub- 
jected to the greatest severity of exposure, was seen by a physician on the day the 
tank-cleaning work was stopped and was admitted to a local hospital for observation 
and treatment. At that time he seemed to be confused and semistuporous and com- 
plained of nausea, abdominal pain, and vomiting. Later he became restless and was 
unable to sleep. He was disoriented and highly agitated and at times fearful and 
depressed. He vomited several times and complained of pain in the right inguinal 
region. There was no disturbance in bowel function, and the appetite was good. 


Physical examination at this time disclosed no significant findings, with the excep- 
tion of arterial hypotension. The body temperature was 98.6 F.; pulse, 80; blood 
pressure, 92/58; respirations, 24 and regular; there were no pulmonary rales, no 


abdominal tenderness, spasm, or rigidity, and no significant alteration of reflexes. 

The following day the blood pressure was 90/60; pulse, 78; respirations, 20. 
The patient was restrained in bed with ankle straps and wrist bands. He continued 
to be apprehensive and agitated, talking irrationally and more or less continually. 
He refused all medication, was in great fear of being poisoned or killed, and was 
highly suspicious of all physicians and nurses. 
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The condition of this man was most critical for the ensuing several days. He 
was irrational and the victim of hallucinations. He cried out occasionally, struggled 
almost continually against the restraining straps, moved his head and eyes constantly, 
and became violent and abusive without apparent provocation. He complained 


repeatedly of the taste of gasoline and of the sensation of burning discomfort in 
his throat. 


For the first time on the 12th day after his admission to the hospital, this patient 
began to have fleeting periods of lucidity during which he recognized his mother and 
brother. However, he became agitated readily, talked loudly and irrationally, and 
was always in fear of being killed. A few days later he began to exhibit longer 
periods of rational behavior, when he would answer questions readily and sensibly 
and follow the instructions of the nurse and orderly. 


From this time on, aside from short periods of agitation and apprehension, his 
daily improvement was apparent to everyone. He was allowed to sit in a chair, and 
all physical restraint was removed. Convalescence proceeded without interruption, 
but constant attendance by a male nurse was continued in order to avert any acts 
of violence or irrationality which might develop out of relapses. Such relapses com- 
monly occur in such cases and must always be guarded against. The following tabu- 
lation gives the laboratory data on admission. 


Laboratory Data 
Hemogram—RBC, 5,180,000; Hb, 14.1 gm. (Sahli); WBC, 6,050 


Differential: Polymorphonuclear 61% 
30% 


No abnormality of erythrocytes, no punctate basophilia; coagulation time, 2 
minutes, 25 seconds; prothrombin content, 100% 


Fragility test: Hemolysis begins at 0.44%, complete at 0.34% 
Blood chemistry 


Mg. per 100 Ml. 
Urinalysis 


tive; no ‘red calle, Bo casts, few and epitnatial 

Numerous tests were carried out in this case as well as in all the others of the 
group, and all the results were within the normal range. 

The case as described was one of several cases which varied in pattern and in 
degree among themselves. The early fatal outcome of one man’s illness had served 
to demonstrate the grave character of the exposure, and every reason presented 
itself for making use of any therapy which offered hope of benefit. Dimercaprol 
therapy had been employed in a few cases previously and had been well tolerated, 
while edathamil calcium-disodium (Calcium Disodium Versenate) had been used 
with seemingly beneficial effects by others in cases of inorganic lead poisoning. The 
latter was made available,* in limited amount and so was employed to that extent, 
while the former also was given in a few instances. 


* Supplied for clinical trial by Riker Laboratories, Inc., Los Angeles. 
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Three from a group of six critically ill patients were selected for treatment with 
edathamil calcium-disodium. Comprehensive clinical laboratory tests (red and 
white cell and differential counts, Hb, hematocrit, bleeding, clotting, and prothrom- 
bin time, urinalysis [including urobilinogen], serum calcium, phosphorus, total 
serum protein, albumin-globulin ratio, glucose, urea nitrogen, nonprotein nitrogen, 
bilirubin) were carried out prior to, during, and after treatment in each case. The 
results of these tests were within normal range in every instance. Edathamil caleium- 
disodium was given in daily intravenously administered doses of 1 gm. per 30 Ib. 
of body weight. The administration of the compound gave rise to no demonstrable 
untoward effects at any time. 

Samples of the blood and urine of all the patients were obtained for analysis for 
lead. Difficulties were encountered in carrying out a program of sampling because 
of the distance from the source of supply of containers in the Laboratory in Cin- 
cinnati, and while these and other difficulties introduced discrepancies into the 
observations, considerable numbers of data were obtained ultimately and are 
illustrated below by individual cases. 

REPORT OF CASES 
Case 1.—E. A., aged 21 years. 
Intensive intermittent exposure. 
Severe poisoning. 


Seen by physician after a period of about two weeks spent working in and around tanks. 
In semistupor, complaining of nausea and vomiting. 


Blood, Mg. Pb per 100 Gm. 


Date, Spectro- Urine, Me. 
1962 Time 


graphic Dithizone Pb per Liter 
8/8 through 8/13 Treatment with dimerecaprol (BAL)" 


0.06 0.075 
10:00 a. m. 0.07 0.06 
Treatment with dimercaprol discontinued 
8/14 through 8/21 Treatment with edathamil caleium-disodium 


0.08 
.m. 
Treatment with edathamil caleium-disodium discontinued 


0.06 0.06 
0.04 0.05 
* Containers for the collection of specimens of blood and urine were not available at the time treatment 


with dimercaprol was instituted. 
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Case 2.—H. C., aged 24 years. 

Engaged in tank-cleaning operations for 12 days. 
Slight to moderate intermittent exposure. 

Mild poisoning. 

Seen by physician on fifth day after stopping work. 
Chief complaint, insomnia. 


= Mg. Pb per 100 Gm. 


Bpectro- Urine, Me. 
Time graphic Dithizone Pb per Liter 
12:50 p. a 6.08 0.06 


1:00 p. 1 0.03 
8/14 through 8/18 Treatment with edathamil caleium- disodiu: n 
8/14 


0.06 
0.80 


0.06 


disodium 
10:30 a. 
8:00 p. 
12:20 p. 

5:00 a. 

3:00 a, 

1:45 a 
11:00 a. 


Case 3.—A. H., aged 28 years. 

Engaged in tank cleaning. 

Severe intermittent exposure for two weeks. 

Severe poisoning. 

Admitted to hospital on fourth day after stopping work. 
Agitated, garrulous, confused, visual and auditory hallucinations. 


Blood, Mg. Pb per 100 Gm. 
Spec tro- Urine, Me. 
Time graphic Dithizone Pb per Liter 
a.m. 0.06 0.06 
a. m. 
18 through 8/20 Treatment with edathamil calcium disodium 
3 9: 45 a.m. 
30 p.m. 
3:00 p.m. 
10:25 
3:20 p.m. 
4:45 a.m. 
10:30 a. m. 
2:20 p.m. 
6:00 a.m. 
1:45 p.m. 
:40 p. ™m. 


: 0.06 
7:30 a.m. 
disodium discontinued 
5:30 a.m, 
5:00 a.m, 
9:30 a.m. 
6:30 a.m. 
5:30 a.m. 


Date, ‘ 
1952 
8:25 a.m. 0.12 
Treatment with edathamil caleium 
Treatment with edathamil ealeium 
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Case 4.—P. L., aged 36 years. 

Engaged in tank cleaning. 

Severe intermittent exposure for two weeks. 

Severe poisoning. 

Admitted to hospital for observation on fourth day after stopping work; agitated, confused, 
disoriented. 

Sudden onset of convulsive seizure and delirium. 


Blood, Mg. Pb per 100 Gm. 


Spectro- Urine, Mg. 
Time graphic Dithizone Pb per Liter 
through 8/23 Treatment with dimercaprol (BAL) 
[00 a.m. 0.07 0.07 
p.m. eves 
9:30 a.m. 0.08 0.08 

2:15 p.m. 

3:00 m. ease 
a. m. 0.05 0.06 
:20 a.m, 

5:30 a.m. 

[10 a.m. 
[00 a.m, 0.06 0.04 
130 a. mm. 0.05 0.04 

2:00 noon 
05 

2:20 a. m. 

5:00 a. m. 

:20 a.m. 
tinued 


Case 5.—A. C., aged 36 years. 

Engaged in tank cleaning. 

Severe intermittent exposure for two weeks. 

Severe poisoning. 

Admitted to hospital on fourth day after stopping work. 

Excited, confused, muscular twitching of face, arms, and legs, auditory and visual hallucina- 
tions. 


Blood, Mg. Pb per 100 Gm. 


Date, Spectro- Urine, Me. 
1952 Time graphic Dithizone Pb per Liter 
Supportive and sedative treatment only 
4 10:40 a. 0.07 0.06 
1:25 p. m, os 
10:00 a. m. 0.06 0.05 
2:00 noon seep 
2:15 p. m. 0.07 0.05 
3:20 p.m. 
a.m. 
a.m. 
[30 a.m. “as 0.06 
:00 
5:00 
a.m. 
p. m. 
2:45 
4:55 a.m. 
11:30 
11:30 a. m. 
1:35 p.m. 
7:00 p. m. 
10:20 a, m. 
5:30 a. m. 
5:00 a.m 
1:55 a. m. 
11:00 a. 


Date, 
1952 
8/12 
8/12 
8/12 
13 : 
15 
16 
16 
17 
1s 
18 
18 
19 
19 
8/22 
8/23. 
Trea 
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Case 6.—M. deT., aged 22 years. 

Engaged in tank cleaning for one week. 

Intermittent brief exposure. 

No clinical signs of poisoning. 

Results of repeated analyses of samples of blood and urine within normal range. 

Many subjective complaints, including dizziness, weakness, nausea, insomnia, loss of appetite. 


Blood, Mg. Pb per 100 Gm. 


or 
Date, Spectro- Urine, Mg. 
1962 Time graphic Dithizone Pb per Liter 
0.04 0.07 
0.04 cece 
0.08 
0.04 0.08 
0.10 
0.04 0.08 
0.04 0.08 
0.04 0.10 
0.06 
0.06 
0.06 
0.06 
0.06 


The analytical data obtained in two other cases of tetraethyl lead poisoning are 
presented for comparison with the group that was treated with edathamil calcium- 
disodium. Repeated doses of dimercaprol (BAL) were administered by intra- 
muscular injection to one of these patients. The other received only supportive and 
symptomatic therapy. 

A case of anxiety neurosis which developed in a member of the group who had 
negligible exposure is included here to demonstrate the normal levels of the ana- 
lytical results. 

Notwithstanding the fact that complete recovery will follow in the majority of 
cases of tetraethyl lead intoxication, with prompt institution and faithful maintenance 
of good nursing care, adequate physical restraint, and symptomatic sedative and 
supportive therapy, the illness is often grave, and it tends to persist with apparent 
remissions until much of the absorbed lead has been eliminated from the body. Any 
agent that will reduce the severity and shorten the course of the illness would be 
useful. The basis for the therapeutic use of edathamil calcium-disodium lies in 
the beneficial effects that may follow the formation of a chemically inert complex in 
the soft tissues of the body and in the increased excretion of lead which follows. 
That the latter occurs following the absorption of tetraethyl lead, as well as inorganic 
compounds of lead, is gratifying and offers hope that a beneficial effect can be 
achieved by this means. 

While it is obvious that no valid conclusions can be drawn as to the useful 
therapeutic effects of edathamil calcium-disodium from a review of these cases, it 
may be said that the drug was well tolerated. No harmful effects of any kind were 
observed. No significance may be attached to transient periods of clinical improve- 
ment in association with increase in the elimination of lead, since such episodes have 
been observed frequently in cases in which no specific therapeutic agent had been 
administered, 


Dr. Mariano Gorriz, Medical Director, Hospital Psiquiatrico Nacional and Retiro Matias 
Hernandez, Drs. Ludwig Strauss and Camilo A. Justiniani, members of the Medical Staff, and 
Dr. Cornelius Briscoe, Chief of Medical Service. The Herrick Clinic and Hospital de Panama, 
Republic of Panama, granted permission to observe these and other patients and aided in 
the preparation of this report. 
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INHALATION TOXICITY OF NINETY PER CENT HYDROGEN PEROXIDE VAPOR 
Acute, Subacute, and Chronic Exposures of Laboratory Animals 


FRED W. OBERST, Ph.D. 


CHARLES C. COMSTOCK, B.S. 
AND 


ETHEL B. HACKLEY, MS. 
With the Technical Assistance of Lorraine Lawson, B.S., and Earle Greene 
ARMY CHEMICAL CENTER, MD. 


S'* CE the use of 90% hydrogen peroxide (H,O2) is becoming more and more 
prevalent, the potentialities of its vapor toxicity as a health hazard must be 
recognized. Little information was found in the literature concerning the toxicity 
and irritating effects of the vapor by inhalation. Leber and Luft ' reported that in 
an accidental exposure of men to the vapor of 90% H.Oz there was an increased 
flow of saliva and a scratchy feeling of the throat, with inflammation of the 
respiratory passage. Masterman and Wiseman* concluded from their clinical 
observations that there is little reason to expect serious lung damage in men 
exposed to white fumes given off by 90% HsOz when brought in contact with a 
catalytic material, such as a heavy metal or one of its salts. Suitta® stated that 
nasal irritations in man may become chronic after repeated exposure to HO. 
vapor. 
EXPERIMENTAL STUDIES 


In view of the meager information on the health hazards of 90% H2Oz2 vapor 
and the increasing importance of the liquid agent in industry, further studies were 
warranted. Inhalation toxicities and eye irritation were studied in laboratory ani- 
mals under the following conditions. 


(a) Acute Inhalation Toxicity —Rats were exposed eight hours to HO. vapor, varying in 
concentrations from 338 to 427 mg./m.* (243 to 307 ppm). 

(b) Subacute Inhalation Toxicity—Rats were exposed six hours a day, five days a week for 
six weeks to HO» vapor at an average concentration of 93 mg./m.* (67 ppm). Two groups of 
mice were exposed in like manner to the vapor at average concentrations of 79 mg./m.3 
(57 ppm) and 107 mg./m.® (77 ppm), respectively. 

(c) Chronic Inhalation Toxicity—Two dogs were exposed six hours a day, five days a week 


for six months to an average vapor concentration of 10 mg./m.* (7 ppm). 


(d) Rabbits were exposed six hours a day, five days a week over a three-month period to a 
level of 30 mg./m.* (22 ppm) of H2Oz vapor for studying the irritating effects on the eyes. 


From the Chemical Corps Medical Laboratories. 
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METHOD AND PROCEDURE 


1. Acute Inhalation Toxicity Tests (Rats) to Saturated Vapors.—Test 1 (Nominal Chamber 
Concentrations): A 0.01 cubic meter glass jar with a metal top was used as a gassing chamber. 
H.O2* was dispersed as a saturated vapor by passing dried air at a rate of 2 liters per minute 
through a bubbler containing the compound at 25C. The concentration of the HzO. vapor in the 
chamber was not determined by analysis but was calculated from the difference in weight of the 
bubbler before and after dispersion and the total volume of air passed through the liquid. 

In three separate eight-hour runs six rats were exposed for eight hours and were then killed 
at various times up to 14 days for pathological examination. 

Test 2 (Concentration by Chemical Analysis) : To a 0.76 cubic meter gassing chamber was 
attached a train of three dispersal bubblers connected in series. Each was filled with glass beads 
and contained 10 ml. of liquid 90% HzOv. Room air was drawn through the train of bubblers 
and the chamber at a rate of 0.05 cubic meter per minute, giving, after equilibrium time, an 
approximately saturated vapor concentration. The concentration of the H2Oz in the chamber was 
determined by drawing samples of air through a stock solution of titanium sulfate reagent. 
The color intensity was read in a Klett-Summerson colorimeter using a No. 54 filter (540 me). 
Standards for comparison were prepared from the titanium sulfate reagent mixed with H.Os 
solutions of various concentrations. 

To determine whether or not slippage occurred from the collection bubbler, a second bubbler 
was connected in series with the first. No color developed in this bubbler; therefore, only one 
collection bubbler was used in subsequent tests. 

Ten rats were exposed in each of three runs. One run extended over a four-hour period and 
the other two over eight-hour periods. After exposure, animals were submitted for pathological 
examination at various times up to 14 days. 


2. Subacute Toxicity Tests (Rats and Mice)—A dynamic flow gassing chamber having a 
capacity of 0.44 cubic meter was used. The agent was dispersed in the chamber by drawing 
room air through a horizontal porous clay cylinder inserted loosely in a larger glass cylinder 


containing HOs. The combined cylinders were rotated at 12 rpm, and the air flow was 0.150 
cubic meter per minute. To determine the concentration of the agent in the chamber, samples of 
air were drawn from the chamber at a rate of approximately 1 liter per minute through 20 ml. 
of distilled water in each of two collection bubblers connected in series. The time of sampling 
usually varied from 10 to 60 minutes, the total volume of air being measured by means of a wet- 
test meter. The amount of agent present in the combined collection sample was determined by 
addition of 10 ml. of 5% KI and 30 ml. of 25% sulfuric acid. This was followed by 3 drops of 
1 N ammonium molybdate, which catalyzed the reaction and released free iodine. The stoppered 
flask which contained these solutions was placed immediately in the dark for five minutes to 
allow the reaction to be completed. The iodine was titrated with standardized NaeS.Os, starch 
solution being used to detect the end-point. The HeOs concentration in milligrams per cubic 
meter was calculated by the following formula: _N_X 17 

vol, of air sample in m.* 
mality of 


The temperature in the gassing chamber varied from 26 to 29 C. during the exposure of the 
animals. A group of 23 rats (10 reserved for mortality studies and 13 for pathology) and 
10 mice were exposed to an average HsOy vapor concentration of 93 mg./m.* (rats) and 79 and 
107 mg./m.* (mice) 6 hours daily, five days a week, and over a period of approximately six 
weeks (180 hours of exposure). A group of 10 rats served as controls. At the end of each week 
of exposure one or two rats were killed for autopsy. All rats were weighed twice a week. Mice 
were not weighed, 


where N is the nor- 


* The liquid HeO, received for this study from the Naval Research Laboratory, Washing- 
ton, D. C., contained 90% H.Osz as determined by chemical analysis. 

+ The titanium sulfate reagent was made by digesting TiO with 100 ml. of concentrated 
H.SO, for three days in a sand bath at 150 to 160°C. The solution was filtered through a sin- 
tered glass filter and diluted to four volumes with water for the stock solution. Tit*** is oxidized 
by H2Oz to pertitanic acid (H»TiO,) which has a yellow color and is stable for six hours.‘ 
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3. Chronic Tests (Dogs).—A dynamic flow gassing chamber with a capacity of 0.76 cubic 
meter was used. The concentration was established in the chamber by passing dry air at a con- 
stant rate through a bubbler containing HeO: maintained at 25C. The vapors from the bubbler 
were mixed with room air in a mixing bowl attached to the chamber, and the mixture was 
drawn through the gassing chamber. 


The chamber concentration was determined by the titanium sulfate method described in 
Test 2 under acute inhalation toxicity tests. The concentration was checked by the same ana- 
lytical method used in the subacute toxicity tests. 
agreement. 


The results of the two methods were in good 


The chronic test was conducted on two dogs by exposing them to an average vapor concen- 
tration of 10 mg./m.* six hours per day, five days per week, over a six-month period for a total 
of 126 exposures. The six-hour exposure period was measured from the moment air containing 
H:Os vapor was turned into the chamber until it was turned off. The animals were not removed 
until the chamber was free of the vapor. A third dog, serving as a control, was kept in an open 
cage near the gassing chamber. 

Approximately once a month blood and urine from each dog were analyzed. The blood was 
drawn under oil from the anterior cephalic vein; a portion of it was heparinized in a separate 
tube. The urine specimen was a catheterized sample. The following determinations were made : 

Whole Blood: pH, sedimentation rate, oxygen content,® nonprotein nitrogen level,® red and 
white blood cell count, and hemoglobin.? 


Serum: bicarbonate,’ chloride,” sugar,'® sodium,''! urea,'? calcium,'* phosphorus,'® and 
cholesterol.'4 

Plasma: protein.’ 

Urine (catheterized) : pH, specific gravity, albumin (Robert's reagent), sugar (Benedict's 
reagent), and microscopic sediments. 

4. Effect of Vapor on Eyes of Rabbits —Kight black rabbits were placed in a constant flow 
gassing chamber having a capacity of 0.76 cubic meter and a vapor concentration of about 
30 mg./m.* (22 ppm). These rabbits were exposed six hours a day, five days a week for a 
total of 60 exposures. The concentration in the chamber was established by the same method as 
that described for the chronic exposure test on dogs. The eyes were examined with an ophthal- 
moscope once a week for possible corneal damage. Two control rabbits were kept under the 
same conditions, except that they were not exposed to HyOs vapors. 


RESULTS 

1. Acute Inhalation Toxicity Tests on Rats (Saturated Vapor)—Test 1: The 
nominal vapor concentration of the chamber was calculated to be 4,000 mg./m.* 
or 2,880 ppm. No signs of intoxication were observed in the rats after eight hours 
of exposure in a chamber to which saturated vapors of H,O. were introduced. In 
three separate eight-hour exposures there were no deaths, 

The trachea and lungs from all animals exhibited severe congestion. Those 
animals killed during the first three days following exposure showed small local- 
ized areas of pulmonary edema without hemorrhage. In those animals killed 
between the 4th and 14th days, the majority of the lungs exhibited many areas of 
alveolar emphysema in addition to the severe congestion, There were no signs 
of necrosis of the pulmonary mucosa. All other organs examined appeared normal. 

Test 2: In this test the concentration of the H,O. vapor in the chamber was 
determined by chemical analysis. The concentration in three runs varied from 
338 to 427 mg./m.* (243 to 307 ppm) instead of the calculated value of 4,000 
mg./m.* (2,880 ppm) obtained in Test 1. 


The only outward evidence of toxic effects was shown by scratching and licking. 
After 30 minutes the animals became quiet and slept most of the time. There were 
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no deaths resulting from either the single four-hour exposure or the two eight- 


hour exposures. Pathological examination of the animals showed results similar 
to those described in Test 1. 


2. Subacute Toxicity Tests on Mice (Analytical Concentration, 79 and 107 
Mg./M.* or 57 and 77 Ppm) and Rats (93 Mg./M.* or 67 Ppm).—The rats and 
mice showed profuse nasal discharge after two weeks of exposure. The bottom 
of the feet became edematous, and an acute irritation was noted in the region of 
the groin. During the fifth week of exposure there was a denudation of the hair 


around the nose, which was probably due to scratching by the animals in an effort 
to alleviate irritation. 


TasLe 1.-Subacute Exposures of Mice to Chamber Concentrations of 
Ninety Per Cent H2O, Vapor 


Average Weekly 
Accumulative Analytical 
Weeks Exposures, Exposure Concentration Accumulative 
Exposed, per Week, Time, — Mortality 
No. No. Hr. Mg./M.* Ppm * Rate 
Group 1 
ns 2 12 61 0/9 
3 30 oO 3/9 
Average 79 57 
Group 2 
3 18 63 1/10 
Average 107 77 
Total t 
eves 18 108 ae 8/10 


* Factor of 0.719 X milligrams was used to calculate ppm. 
t Accumulative experimental data. 


The exposed rats gained in body weight, varying from 40 to 80 gm., during 
the course of experimentation, while the controls gained from 30 to 50 gm. The 
difference in weight gain for the two groups was statistically insignificant. 

In the first of two groups of mice exposed, seven out of nine { animals died 
after eight exposures to an average concentration of 79 mg./m.* (57 ppm), as 
shown in Table 1. In the second group at an average concentration of 107 mg./m.* 
(77 ppm), 5 out of 10 mice died after 8 exposures, and 8 out of 10 mice died 
after 18 exposures. There were no deaths in the control group. The mortality 
rate for the exposed rats (Table 2) was considerably less than that for the exposed 
mice. For the former, 30 exposures to an average concentration of 93 mg./m.° 
(67 ppm) resulted in the death of only 1 rat out of 10. 

Thirteen rats were autopsied following various numbers of exposures (Table 3). 
All organs were examined grossly, and tissue sections were made of lungs, trachea, 


t The 10th mouse in this group disappeared unaccountably from the cage. 
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liver, kidneys, spleen, and cornea. The organs either were normal or showed some 
congestion. Microscopic examination of these tissues failed to reveal significant 
pathological changes. 

3. Chronic Inhalation Toxicity Tests on Two Dogs (Average Analytical Con- 
centration, 10 Mg./M.4 or 7 Ppm, Table 4).—No toxic signs were observed in the 


TasLe 2.—Subacute Exposures of Rats to Chamber Concentrations of 


Average Weekly 
Accumulative Analytical 
Exposures, Exposure Concentration Accumulative 
per Week, Time, oe - Mortality 
No. Hr. Mg./M.* Ppm * Rate 
3 0/10 
0/10 
1/10 
0/10 
0/10 
0/10 
0/10 


7 10 


* Factor of 0.719 X milligrams was used to calculate ppm. 
+ Accumulative experimental data. 


TaBLe 3.—Gross Observations on Organs from Rats Killed After Subacute Exposures 
to Ninety Per Cent H:Os Vapor 


(Consult Table 2) 


Week Ends’ Rats 
in Whieh Sub- 
Rats Were mitted 


Submitted for Results on Examination of Organs 
Autopsy No. Trachea Lung Spleen Liver Kidney 


Ist 3 Congestion* Congestion Normal Normal Normal 
Normal 


2d 1 Normal Slight Normal Normal Congestion 
congestion 


2 Normal Slight Normal Normal Congestion* 
congestion Normal 


1 Normal Slight Normal Congestion Congestion 
congestion 


1 Congestion Slight Normal Normal Normal 
congestion 


5 Congestion Congestion Normal Congestion Normal 
Normal Congestion 


* Same degree as controls. 


dogs up to and including the 23d week of exposure. In the 24th week the dogs 
began to sneeze occasionally after five hours in the chamber; lacrimation was also 
present. The lacrimal secretions and sneezing persisted for a short time after the 
dogs were removed from the chamber following an exposure. In the 25th week 
the dogs frequently refused food but ate again normally during the 26th and 
27th weeks. 

By the 14th week the hair of both dogs showed bleaching, and some denuded 
areas were present over the back. Frequently the animals were observed sniffing 
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the H2,O. vapors at the chamber intake. This action was more prominent at 
about the 20th week and persisted until the end of the test. The control dog 
showed no abnormality of any kind. 


The initial weight of one test dog was 13 kg. This animal gained 0.3 kg. by 
the end of the experiment. The other test dog weighed 17 kg. initially and gained 
0.2 kg. during the six months of exposure. The control dog gained 0.4 kg. during 
the same period, the initial weight being 10 kg. The maximum weight increase 


Taste 4.—Weekly Average Chamber Concentration of Ninety Per Cent H.0: 


Accumulative Average Weekly 
Weeks Exposures Exposure Concentration 
Exposed, per Week, Time, ~ 
No. Hr. Me. M.4 Ppm 
30 
60 1 


Sooo ao oa 


5 
5 
5 
5 
5 
5 
5 
4 
4 


Average 


Totalt 
26 


* Two dogs. 
t Accumulative experimental data. 


for the exposed dogs was 0.5 to 0.9 kg. during the course of the experiment, but 
some weight was lost toward the end of the experiment, giving a lower over-all 
weight increase. 

There were no deaths resulting from a six-month exposure to 10 mg./m.* 
(7 ppm) of H2Oz vapors. 

At the conclusion of the six-month exposure period the animals were killed 
for study of pathology. The skin of the exposed dogs was greatly thickened, and 
there was a marked loss of hair. Microscopic examination showed that the hair 
follicles were not destroyed. The examination of the organs of the thoracic and 
abdominal cavities revealed that the tissue changes were confined almost entirely 
to the lungs. In this organ there were patchy areas of atelectasis intermingled with 
emphysematous areas. There were some hyperplasia of the bronchial musculature 
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and tortuosity of the bronchi. The small terminal bronchioles and respiratory 
bronchioles had hyperplastic muscular coats. Scattered throughout all areas of the 
lung tissue were small buds of red-staining tissue, and many of them were lined 
with cuboidal cells, which were most prominent in areas where the alveolar walls 
seemed to be fragmented. The musculature of the terminal or respiratory bron- 
chioles seemed to have become hyperplastic, as if there had been a change in the 
connective stroma of the alveolar walls. Connective tissues and elastic tissue stain 
revealed these circular areas to be composed mainly of collagen, with occasional 
muscle cells and occasional strands of elastic tissue admixed. The control dog 
exhibited no histologic changes on autopsy examination. 

No significant changes from normal in blood and urinary constituents were 
observed during these tests. 


4. Effect of Vapor on Eyes of Rabbits (Average Analytical Concentration, 
30 Mg./M. or 22 Ppm for 60 Exposures). §—No significant changes as the result 
of these exposures were noted by ophthalmoscopic examination of the eyes. The 
eyes of the control group appeared identical with those of the exposed animals. 


COM MENT 


It is clearly demonstrated that the vapor of 90% HeQOz, in concentrations of 
7 ppm or more, will produce lung irritation in animals if the exposure time is long 
enough. Even single exposures to maximum concentrations of the vapor for four 
to eight hours produced evidence of respiratory irritation in rats, even though 
there were no apparent signs of intoxication during the exposure period. Prolonged 
daily exposures to vapor concentration levels ranging from 50 to 99 ppm produced 
death in mice within as few as five exposures. Rats exposed under the same con- 
ditions and concentration levels showed some congestion of the lungs. The two 
dogs which were exposed daily for a six-month period to a low vapor concentration 
(7 ppm) showed evidence of chronic irritation. The agent produced some external 
irritation, as it was noted that the dogs scratched themselves to the extent that 
several areas on the body were denuded. Autopsy revealed definite abnormality 
confined chiefly to the respiratory tract as a result of the irritating effects of the 
vapor. The skin was greatly thickened although no destruction of hair follicles was 
present. Eyes of the rabbits did not appear to be damaged in any way by the vapor 
after 12 weeks of daily exposures. 

The lowest concentration level studied over an extended period of time was 
7 ppm, which produced evidence of chronic irritation in dogs. On the basis of this 
information it is believed that a 90% HO» vapor concentration of less than 4 ppm 
(one-half of the lowest concentration level studied) probably would have little or 
no harmiul effects in man if he were to be exposed daily to the vapor for long 
periods of time. Relatively short exposures, several hours a day, several times a 
week, to levels of 7 ppm probably would not under these conditions produce serious 
or harmful effects. 


In this report one finds an exceflent example of a discrepancy occurring in the 
chamber concentration values when the determinations are made by a nominal 
method. A nominal method gives only the theoretical concentration in the chamber 


§ There were no unusual toxic signs except for a slight serous discharge from the nose. The 
black hair of the rabbits was bleached to a light brown color. There were no deaths. 
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if the vapor remains dispersed in the air. The vapors of some agents are removed 
from the air during passage through the chamber by either absorption, adsorption, 
decomposition, condensation, or by a combination. of these or other factors. A 
comparison of nominal with analytical values shows that about 90% of the H2O. 
was removed from the air; consequently animals exposed to the vapor received 
only about one-tenth of the expected concentration. This shows the unreliability 
of nominal calculations and points out the need for analysis to obtain reliable data. 

In this connection a vapor that is so readily removed from air by one of several 
means (absorption, adsorption, decomposition, or condensation) may not be as 
hazardous as one remaining fully dispersed under most conditions, This would 
produce a condition in which a continually decreasing concentration would be 
occurring exclusive of dilution by air to the extent that eventually a comparatively 
safe concentration would be established. On the other hand, should such a vapor 
leak continuously into an area under poor conditions of ventilation, the hazard 
undoubtedly would be serious. 

SUM MARY 


Rats exposed eight hours to H,O2 vapor in concentrations varying from 338 
to 427 mg./m.* (243 to 307 ppm) showed no outward toxic signs other than 
scratching and licking themselves. There were no deaths. Pathological examination 
revealed a congestion of the trachea and lungs. Small localized areas of pulmonary 
edema without hemorrhage and areas of alveolar emphysema were present. 

Rats and mice exposed six hours a day, five days a week for six weeks to H2Oz 
vapor at an average concentration of 93 mg./m.* (67 ppm) for rats and 79 and 
107 mg./m.* (57 and 77 ppm), respectively, for two groups of mice showed external 


body irritation, profuse nasal discharge, and bleaching of the hair. More than 50% 
of the mice were dead after eight exposures. Only 1 rat out of 10 died during 30 
exposures. Rats, on autopsy, showed no marked abnormality other than conges- 
tion of the respiratory tract. 


Two dogs exposed six hours a day, five days a week for six months to an aver- 
age vapor concentration of 10 mg./m.° (7 ppm) developed external body irritation, 
sneezing, lacrimation, and bleaching of hair. The pathology showed the skin was 
greatly thickened, but no destruction of hair follicles was present. The lung was 
the only internal organ which showed any abnormality resulting from the irritating 
effects of the vapor. No significant changes in blood or urinary constituents were 
observed during these tests. 

Rabbits exposed six hours a day, five days a week over a three-month period 
to 90% HO» vapor at an average concentration of 30 mg./m.* (22 ppm) did not 
develop any eye injury. The hair became bleached, and some irritation was noted 
around the nose. 


The maximum allowable concentration of 90% HzO: vapor is less than 7 ppm. 
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X-RADIATION FROM ELECTRONIC POWER TUBES 


S. C. BALLARD 
BOSTON 


HIS PAPER is concerned with the problems encountered in the discovery 

and measurement of x-radiation from the operation of an electronic power tube. 
The broad use for such tubes includes units for radar, in microwave apparatus, 
in induction heaters, and as capacitors and condensers. These operate at voltages 
ranging from 5 ky. to a potential of 400 kv. and include the hydrogen thyratron, 
magnatron, and klystron. In all cases there is a source of electrons, a potential tar- 
get in the form of the anode, and when voltage is sufficient x-rays will be produced. 
These x-rays are a by-product of tube operation. 

The type of radiation is related to tube voltage. At voltages above 25 kv. 
x-radiation exposure to personnel may become significant. An indication of this 
type of problem was given by Bush, Castberg, and MacPherson ‘ in 1944. Subse- 
quently there has been little reference to it in the literature. I became involved in 
a problem of x-ray exposure from a hydrogen thyratron tube as a result of examina- 
tion of a broken piece of a glass tube envelope showing a peculiar pattern of dis- 
coloration, which presumably could have been caused by x-radiation (Fig. 1). The 
tube was in use on an experimental R. F. (radio frequency ) modulator for high volt- 
age studies ; 1. e., 35 to 40 kvp, prf (pulse resonant frequency) up to 500 per second, 
at a peak current of 1,750 amp. or better per pulse, 2 ws (microsecond) pulse width. 
There had been no precedent to establish the existence of such radiation from this 
application of the hydrogen thyratron tube. The tube has a molybdenum anode 
(4 in. diameter) and a nickel grid about 4% in. apart. The discoloration on the glass 
envelope was opposite rectangular openings in the grid, near the anode. 

Housing for the modulator consisted of an angle iron frame, 4 by 8 by 6 ft. high. 
All sheet metal parts were of aluminum, solid front panels and perforated metal 
sides. Meters and controls were consolidated on the front side. Heavy elements, 
such as capacitors and transformers, were on the bottom shelf. All other equipment 
was on a shelf half the height of the cabinet. The grid of the tube was approxi- 
mately at eye height. It is necessary to view the operation of the tube at close range 
to observe the moving corona around the periphery of the tube grid. 

The system if properly operating was expected to produce 40 kvp. Electronic 
engineers engaged in studying the behavior of the tube believed that voltages up to 
100 kvp could be encountered. There has been no verification of this belief. 

To review the factors leading to this investigation, approximately a month or 
two previously a phenomenon was experienced which led workers to be suspicious 


Industrial Hygienist, Liberty Mutual Insurance Companies. 
Presented at 1954 Meeting of the American Industrial Hygiene Association, Chicago, 
April 29, 1954. 
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Fig. 1—Hydrogen thyratron tube, showing area of production of x-radiation, i. e., adjacent 
to anode of tube (2% in. below top of tube). 


Fig. 2—Broken glass envelope, showing “biips,” or lattice work, of discoloration in glass 
caused by x-radiation. 
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of the presence of x-radiation. This had occurred on one previous occasion. Roughly 
10 days after a hydrogen thyratron tube had “arced back” a worker had noticed 
redness of one side of the face, with associated pain. (To “are back” may be defined 
as to produce a brilliant flash of light due to a breakdown of the tube element. ) 
This had occurred on the side of the face in a clear path from the tube in question. 
The redness and pain subsided in due course. Another significant fact was that the 
glass envelope of a small number of tubes, out of many experimented with during 
the past six years, showed the peculiar pattern of discoloration opposite the anode, 
aside from a known metal deposit on the inside of such power tubes (Fig. 2). The 
question was whether this could have been produced by x-radiation. Nothing in 
the available literature or in our experience was of any value in establishing whether 
this pattern of discoloration on the glass could be due to x-radiation. 


X RAY EXPOSURE 
ON FILM 72 


8 INCHES FROM TUBE — ON 
OUTSIDE OF CABINET, THRU 


PLEXIGLASS WINDOW. BEAM 
Ye INCH WIDE. 


~ 


Fig. 3.—X-ray exposure on Film No. 2, 8 in. from tube, on outside of cabinet, through 
Plexiglas window. Beam, % in. wide. Shows images placed in path and striated markings. 


Preliminary observations were made with a Land camera and General Electric 
x-radiation monitors. A path or beam of some type of radiation was located in this 
manner, Photographic images were evidenced by placing the Land camera with 
the exposure to the rear, i. e., not through the lens. This also produced a definite 
pattern of striated markings on the developed film. The G, E. radiation monitor 
recorded various values but could not delineate the exact geometry of a beam of 
radiation. 

Thus it was established that there occurred spasmodically a phenomenon strongly 
suggestive of being produced by x-radiation. Concurrent with this were many com- 
plicating factors concerning appropriate instrumentation. There was need to estab- 
lish, first, the question of the existence of x-radiation ; second, the radiation levels ; 
third, the geometry of the beam, and with instruments not affected by the presence of 
R. F. waves. These factors limited the kind of instrumentation which could be used. 
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X RAY EXPOSURE 
ON FILM 74 


12 INCHES FROM TUBE — ON 
INSIDE OF CABINET. BEAM 
Y%,_ INCH WIDE. 


‘ 

wa 


Fig. 4.—X-ray exposure on Film No. 4, 12 in, from tube, on inside of cabinet. Beam, 7 in. 
wide. Shows images placed in path and striated markings. 


X RAY EXPOSURE 
ON FILM *6 


13% INCHES FROM TUBE — 
BEAM 2% INCHES WIDE. 


Fig. 5.—X-ray exposure on Film No. 6, 13% in. from tube. Beam, 2% in. wide. Shows images 
placed in path and striated markings. 
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Instrumentation started first with the G. E. radiation monitors. Those used 
were checked against a gamma source and were believed to be reasonably accurate 
for scanning purposes. Whether readings with this instrument were influenced by 
R. F. waves was an unknown factor at the time.* The response of this instrument 
to soft radiation is not known. The next approach involved the use of six 8 by 10 
sheet films, portrait pan, in sheet film holders having plastic slides, set at various 
distances from the tube in question. The tube was powered at 35 kv., 300 prf 
(pulse of 2 »s), with a peak current estimated to be 1,750 amp. The exposure of the 
film was for a 20-minute operation period. Development of these films ( Figs. 3 to 5) 
showed the definite pattern of a beam of x-radiation emanating from the tube and 
located its position at approximately the level of the anode, at eye height, and with 
a horizontal axis. Definite images placed in the path were recorded on all films. 
Those films within approximately 10 in. from the tube showed clear evidence. 
Further, the beam extended around the periphery of the tube, and the order of mag- 
nitude of intensity shifted around the periphery but with no definite regularity. 


Taste 1.—I/ncrease in Voltage (I'ree Air Measurements) 


Reading, 
At Distance of 1 Meter from Tube 


30 kv.—200 prf—2 us 
88 kv.—200 pri—2 us 
40 kv.—200 pri—2 us 


At Distance of 5 In. from Tube 
35 kv.—200 prf—2 


TAsBLe 2.—/ncrease in Voltage and Prf (Free Air Measurements) 


At Distance of 1 Meter from Tube 
30 kv.—500 prfi—2 us 
38 kv.—-500 pri—2 

In an effort to establish the presence and order of magnitude of soft radiation, 
Victoreen pencil dosimeters were placed in what was now known to be the approxi- 
mate path of x-radiation from the tube, and at a distance approximating 10 in, from 
the tube. These were exposed for exactly one hour during the continuous operation 
of the tube. These instruments showed no response. This was totally unexpected 
and made it necessary to reconsider the subject of proper instrumentation. 

Of the various types of instruments available the quartz fiber electroscope is not 
affected by R. F. waves. As a result of preliminary tests with the instrument held 
at the opening of a wave guide, it was established that the Tracerlab “Cutie Pie” 
(Catalog No. SU-1E) is affected by R. F. waves. Some unknown quantity of hard 
radiation would be expected from peak voltages up to 100 kv. 

The quartz fiber electroscope (Fred C. Henson Co., Model 1) was then selected 
for the study. A considerable number of readings were taken. It was known that 
the modulator was operating properly at the time this work was done. Concur- 
rently, a Landsverk electroscope was used to obtain parallel readings. Also, this 
instrument was held at the opening of an R. F. wave guide, and the results sub- 


* Recent experiments with this instrument held in the path of a wave guide showed no response. 
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stantiated that R. F. waves would not affect the operation of this instrument. Results 
of these measurements can be summarized in the accompanying tables. The follow- 
ing comments are applicable to Tables 1 through 3: Table 1: by increasing the 
voltage, with a constant prf, the x-radiation increases rapidly and is not a linear 
function. Table 2: With a similar increase of the voltage as in Table 1 and with a 
further increase in pri from 200 to 500, there is likewise a rapid increase in 
x-radiation. Also, the magnitude of intensity of x-radiation has increased. Table 3: 
A constant voltage, with an increase in prf, shows a rapid increase in x-radiation 
but not as a linear function. 

The geometry of the beam indicated a roving source about the entire tube 
periphery, with the rays extending horizontally from a width of 4¢ in. approximately 
at the tube anode to 3 in. at a distance of approximately 10 ft. from the tube. 

There was some variance between the readings of the two types of electroscopes, 
but these were explained when considering the characteristics of the instruments. 
The smaller entry port of the Henson instrument made it difficult to place this in 
the very restricted path of the beam. The Landsverk instrument had an entry port 
of considerably greater size. Allowing for this variance, my co-workers and | were 
satisfied that readings were within reasonable accuracy. 


Tasie 3.—Constant Voltage and Increase in Prf (ree Air Measurements) 


Reading, 
At Distance of 5 In. from Tube Mr/Hr. 


35 kv.—100 pri 
35 kv.—200 prf 
35 kv.—300 prf 


Protective measures were considered as essential for this type of tube operating 
under the conditions described, whether for experimental or for operational use. 
Gathering of data to establish shielding necessary to attenuate x-sadiation in work- 
ing areas to safe levels necessitated further study with the electroscope. Several dif- 
ferent thicknesses of lead were used between the instrument and the tube to 
determine the minimum thickness of material required to reduce exposures to not 


over 6.25 mr per hour. This information produced the lead equivalent for leaded 


glass considered essential for viewing the operation of the tube at close range. In 
addition, half-values for copper and aluminum were obtained. The following results 
were observed : 
Attenuation Measurements 
(30 Kv.—-500 Prf—2 ws) 
At Distance of 1 Meter from Tube Reading, 
Filter Material Mr Hr 
103.0 
2 pieces 0.019 in. aluminum. 43.0 
4 pieces 0.019 in. aluminum. 240 
2 
1 


pieces 0.00 in. copper..... 14.7 
piece 0.002 in. lead......... ; 53.0 


For Required Shielding 
(40 Kv.—300 Prf—2 us) 
Reading, 
At Distance of 13 In. from Tube Mr/Hr 


1 piece 6.058 in. lead (equivalent to 1.5 mim.) 6.0 
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The readings found for half-value layers of aluminum are approximately what 
would be expected from 35 kv. x-radiation. They are not of the order of magnitude 
that would be expected from 100 kv. 

The choice of shielding has been resolved as follows: All sach tubes have been 
shielded on three sides with '4 in. leaded glass, flat stock in vertical position. This 
provides ample view of the operation of the tube through Lucite ports in panels of 
the modulator cabinet. The rear section has 4, in. sheet lead, flat stock. Shielding 
is set in a micarta frame and covers only the area where the beam of x-radiation is 
emitted. 

A brief statement is in order here concerning the exposure of workers to what 
has been presumed to be, up to this point, predominantly soft radiation This expo- 
sure has been for one and one-half years at 35 to 40 kv. and from four to six years 
to operation of the tube at 26 to 28 kv. for four to six hours each day. The pri and 
amperages have likewise varied. The restricted beam indicated the x-radiation to 
be local, at eye level, and not whole body. 


Taste 4.—Il'ree Measurements 


Reading, 
Vacuum Condenser or Capacitor Mr Hr. 


1. Condenser 14 in. from front of enclosure ‘ 


Condenser turned 9) degrees 
100 ky 
120 ky 


At control panel, condenser 26 in. from panel 


At control panel, condenser in nearest position—14 in. distant 


Complete medical examinations of those persons exposed have been made. These 
included (1) careful examination of the lenses of the eyes for evidence of possible 
early changes; (2) dermatological examination of the skin, face, and neck, and 
(3) blood studies. Findings were negative in all cases. 


The scope of this problem has been reviewed. Other tubes in this family of elec- 
tronic power tubes, operated at voltages of 20 kv. and above, are under study for 
evaluation of primary and scattered radiation. The intent of this paper is to relate 
the history of one problem encountered, with the hope that thorough investigations 
of x-radiation from other types of electronic power tubes will be made. 


As pointed out by Chodorow, Ginzton, Nielsen, and Sonkin,? for the klystron 
operating at 400 kv. level, the required shielding had best be devised by suitable 
experiments with an operating tube. In the example which these writers cite, the 
shielding used in the laboratory was designed on the basis of limited access of per- 
sonnel to within 6 ft. of the tube for prolonged periods of time. With protection 
provided, there remained areas where radiation was excessive. These are the areas 
below the cathode and above the collector and in direction of the output wave guide. 
A diagram is provided showing lead shielding. The greatest thickness is 15g in. at 
the end of the collector. 
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NX-RADIATION, FROM ELECTRONIC) POWER TUBES 


Another instance might be worth citing in which | have found x-radiation. 
A tube used as a vacuum condenser or capacitor was examined. Readings (Table 4) 
were obtained with this tube placed in a test unit for electrical stress under high 
voltage. The tube and transformer equipment was placed inside an expanded metal 
enclosure, the latter provided with a ground connection. The voltages applied were 


100, 120, and 122 kv. Measurements were made by means of the Tracerlab “Cutie 
Pie” equipped with an aluminum electrostatic shield. These measurements were 
for scanning purposes only and were obtained directly adjacent to the expanded 
metal enclosure surrounding the tube and other equipment. There was a very slight 
corona visible. 


CONCLUSIONS 


In conclusion, it has been found essential to provide adequate protective barriers 
to attenuate x-radiation from hydrogen thyratron tubes. This refers to experiments 
for high voltage studies and for operational use. .\lso, there is strong indication 
that other electronic power tubes should likewise be investigated further. 
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HEMATOLOGICAL INVESTIGATION ON WORKEKS EXPOSED 
TO MANGANESE DUST 


BRANKO KESIC, M.D. 
AND 


VERA HAUSLER, D.N. 
ZAGREB, CROATIA, YUGOSLAVIA 


ANGANESE, which is normally found in the human organism, belongs to 
the group of metals that cause serious occupational poisoning. This poison 
is harmful to the cerebral—particularly the basal—regions of the central nervous 
system. Manifold damages of other organs are attributed to the activity of man- 
ganese. Some authors even assume that the hemopoietic system is one that can be 
damaged by manganese. In fact, we could suppose that manganese, being one of the 
systemic poisons, may be harmful to the blood, which is the most sensitive organ of 
the human body and which represents a strong barrier of that organism against all 
biological, physical, or chemical invasions. Thus we expect a reaction of the blood 
system to manganese. The medical literature on manganese offers a great number 
of observations on the influence of manganese on blood cells and hemoglobin. 

Many authors mention no changes in blood due to manganese. We shall cite 
only a few. Wilbur,’ Diez,? and Gayle * stated that there are no changes in the blood 
picture. Scander and Sallam,’ who described 11 cases of chronic manganese poison- 
ing, state: “The erythrocytic count was normal as well as the leucocytic total and 
differential counts. The red cells are all of normal size and shape with no signs of 


degeneration.” Similar statements are found also in some more recent publications. 
From the Russian literature we shall mention Letavet,* who does not mention any 
changes in blood in his descriptions of chronic manganese poisoning. Patty ° says 
that “erythrocyte counts usually remain normal throughout most of the course of 
the disease, except for an elevation during its early stages.” He cites Flinn and 
his collaborators, who belong to the group of authors who have found various 
changes in the blood of patients suffering from chronic manganese poisoning : 
23 workmen exposed to manganese and 16 not exposed. Patty says: 

The outstanding finding in the blood picture in their paper is the number of cases with an 
abnormally low white cell count in the affected group. The average white cell count for the 
affected group is 5,380 as contrasted with 7,850 and 7,560 for the other two groups. Seven out 
of 11 affected men had a white cell count less than 5,000, and of these 3 cases had a count less 


than 4,000. 


“In general, leucopenia became more pronounced,” according to Flinn and col- 
laborators, “with the progress of the disease, as an examination of the case records 
revealed that all but one of the well-advanced cases had leucocyte counts of less than 
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5,000. There was an absolute and relative neutropenia in 4 cases in the attected 
group; 1. e., not only is the percentage of neutrophils decreased, but the total white 
cell count is low in each case, being 4,300 or less.” These investigators found no 
“significant variations in red cell counts and hemoglobin estimations, in bleeding or 
coagulation time, in blood platelet or reticulocyte counts.” 

Faught '* came to the same conclusion ; he examined 19 workers in a manganese- 
ore mill and found that “manganese-atfected workers had a low leucocyte count 
involving particularly the neutrophilic cells.” He also noticed a “lowered hemo- 
globin percentage in some cases.” In other cases he noticed a tendency toward 
increased erythrocyte counts. Fairhall and Neal '* referred to Davis and Huey, who 
found high erythrocyte counts in two cases and attributed them to the subacute 
carbon monoxide poisoning. They also mentioned Baader, who had found two 
cases of hyperglobulia and later anemia. Schwarz and Pagels '* considered that 
erythrocytosis and an increased hemoglobin value present the first symptoms of 
manganese poisoning and recommended examination of the blood of workers 
exposed to manganese on their occasional periodic medical examinations. In one 
case Schwarz found 6,200,000 erythrocytes, and Brezina ** described a case with 
9,000,000 erythrocytes. Baader, too, found a manganese-poisoned dock worker 
with 6,300,000 erythrocytes ; three months later the same patient had only 4,200,000 
erythrocytes. Thus Baader found that his clinical experience tallied with the find- 
ings in experiments carried out by Schwarz and Pagels, and he concluded that 
polyglobulia is frequent in the beginning of manganism but disappears in its later 
course.'® 

Of the numerous papers in the literature relating to experiments on the influ- 
ence of manganese upon blood elements and hemoglobulin of animals, those of 
Titus and Cave, Waddell and co-workers, and Beard and Myers are of importance. 
Titus and Cave,* for instance, studied the effect of manganese upon anemic rabbits 
and rats, and they found that manganese had a beneficial effect on hemoglobin 
formation. Waddell and his collaborators '* were not able to confirm the results of 
Titus and Cave. On the contrary, the results of their experiments with anemic rats 
were entirely negative. However, Beard and Myers ¢ in their studies on nutritional 
anemia of the rat confirmed the results of Titus and Cave. They found many 
chemical elements, among them manganese, which in suitable doses possess not 
only a supplementary action to Fe in the relief of nutritional anemia of the rat but 
also the ability to produce polycythemia. According to their experiments,** man- 
ganese also increases the rate of maturation of the red blood cells. 

Leclercq ** mentioned a pronounced anemia in cases of heavy intoxication. In 
one case the author observed not only a marked decrease in the number of red blood 


cells and a decrease in the hemoglobin but also anisocytosis and polychromatophilia 


of the red blood cells. There was no qualitative or quantitative change of the white 
blood cells. 

Lyon-Caen and Jude ** considered that manganese at first causes an increase in 
the red blood cells but if the exposure is prolonged causes anemia. Brezina ** 
believed that manganese reduces hemoglobin and increases erythrocyte counts. In 


* References 17 and 18. 
+ References 20 to 23. 
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an exhaustive report on the problem of manganism, McNally ** discussed 68 cases 
of manganese poisoning which he compiled from the literature. In his survey of 
symptoms he showed that 33.8% of the aforementioned cases had lymphocytosis 
and only 1.4% had anemia. In this connection McNally concluded: “The blood 
examinations would show variations according to the time of removal from the 
dusty atmosphere. The erythrocytes might be over 6,000,000 or less than 5,000,000 
per cu.mm. Most of the blood counts and other examinations of the blood have 
heen normal.” 

Muller and Christiaens * described four cases of occupational manganism. In 
all four cases changes in erythrocyte counts and hemoglobin were noticeable, but 
in two cases they mentioned a light monocytosis of 8 and 10%, respectively. Mono- 
cytosis was mentioned also by Sourate.*" 

From these data found in the literature we may conclude that very little atten- 
tion has been paid to the systematic study of the influence of manganese compounds 
on blood cells in human beings. Quite a number of the conclusions were unfor- 


Taare 1.—Blood Findings of Sixteen Patients Poisoned by Manganese 


LM. 8.73. P.J. BM. 8.M. E.B. P.J. K.D. 8.V. P.B. 
Erythrocytes, in millions 4.2 4.3 16 44 44 
Hemoglobin, % ............ 77 
Leucocytes, in thousands 90 
Neutrophiles, adult sO 
Neutrophiles, young 
Monocytes 
Lymphocytes 
Kosinophiles 
Basophiles 
Reticulocy tes 
Duration of exposure, yr.. 
No. of counts 


tunately very often based on only a small number of cases. It is apparent that many 
authors had reached firm conclusions on the influence of manganese on blood ele- 
ments without paying enough attention to the wide variety of normal blood counts 
of healthy men. 

In order to direct the great variety of contradictions in one way, we decided to 
undertake a systematic investigation of the influence of manganese oxides on blood 
cells and hemoglobin in man. We have carried out the following investigations : 

1. Blood analyses of 16 workmen, poisoned by manganese in one of our man- 
ganese-alloy works, were examined in the Clinical Department of the Institute of 
Industrial Hygiene in Zagreb. The conecntration of manganese in the working 
atmosphere ranged in certain places from 7.5 to 63.3 mg. per cubic meter. Ten of 
these patients have already been described by Dogan and Beriti¢."° The duration 
of exposure and the blood analyses of these 16 patients are presented in Table 1. 
It will be observed that the erythrocyte counts range between 4,100,000 and 
4,600,000, considered normal values for the district where these workmen lived and 
worked. The same applies to the hemoglobin values, which range between 76 and 
93%. The values for leucocytes are very interesting. In the case of four patients 
we found the values of leucocytes to be under 5,000, This condition can be consid- 
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ered as a leucopenia, but there is no statistical evidence that these cases of leuco- 
penia should be attributed to manganese. The blood picture, the values for 
reticulocytes, and those for stipple cells do not show any pathological changes. The 
values of blood elements in Table 1 are in most cases the average values of repeated 


counts in the course of clinical examination (data on the number of counts are given 
in Table 1). 


Taste 2—Blood Elements and Hemoglobin Values of Miners Exposed to Manganese Dust 


and of Workers from a Sawmill (Control Group) 
52 


Number of Cases: Exposed Group, 60; Control Group, 


Blood Count 

Erythrocytes 

Miners . 1,500,000 407,800 

Control group . 4,336 500 163,500 
Leucocy tes 

6,283 

Control group 6,231 1,761 
Hemoglobin 

Miners 15.08 O.8061 

Control group .... 14.19 0.9269 
Neutrophiles, adult 

Miners . 13.15 10.158 

Control group .... 49.25 
Neutrophiles, young 

Control group 
Monocytes 

Miners ...... 640 

Control group 7.81 3.177 
Lymphocytes 

33.33 

Control group 36.31 S007 
Eosinophiles 

Miners ... 5.5 3.865 

Control group .. é 3.185 
Basophiles 

Miners 

Control group .. 
Reticulocytes 


0.1653 


0 
0.5445 
0. 1369 


Control group . 
Stipple cells 

Miners 

Control group 


arithmetical mean. 
standard deviation. 
= difference between the two means 
standard error of the difference between the two meat 


d 


2. We were further interested in finding whether any changes may be found in 
blood elements and hemoglobin of workmen who were exposed to manganese 


oxides dusts and did not show any symptoms of poisoning. For that purpose 


we chose 50 practically healthy miners from the manganese mine in Cevljanoviéi, 
Bosnia, Yugoslavia. The concentration of manganese dust was determined by 
analysis of the working atmosphere of that mine. The following concentrations 
were found *’: Before drilling, 0.2 mg./m.*; during mechanical drilling, 2.85 to 
5.65 mg.; at digging and loading of ore, 8.9 mg. 
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Sixty workmen employed in a sawmill of the same living areas were taken as a 
control group. The two groups corresponded with regard to age, the way of living, 
and nutrition ; the workmen of both groups were drawn from the peasant population 
of that district and lived under the same conditions. Both groups were examined 
in the course of six days, at the same time of day and under the same conditions. 
All measuring was carried out by the same person with the use of the same 
apparatus, 

The number of erythrocytes, leucocytes, reticulocytes, and. stipple cells was 
determined, The white cell picture was differentiated, and the value of hemoglobin 
measured by a photometric method."! 


Taste 3.—Groups of Hemoglobin, Erythrocyte, and Monocyte Values of Miners Exposed to 
Manganese Dust and of Workmen from a Sawmill (Control Group) 


Number of Cases Percentage 
Control Control 


Miners Group Miners Group 
Erythrocytes, in millions 


Hemoglobin, in gm 
12-12.9..... 
13-13.9... 
14-14%... 
15-15.9.... 
16-16.9 


Monocytes, 
- $.0.... 
4- 5.9.... 
© 
8- 9.9.... 
1-119 


The results of our investigations are shown in Table 2. Evident and statistically 
important variations were found in the values for hemoglobin, the erythrocyte 
counts, and the monocyte counts in the differential blood picture. The group of 
miners had shown the mean value for hemoglobin to be 15.03; in the control group 
this value was 14.19. Parallel to this, we can see that the mean erythrocyte value 
in the miners’ group—4,500,000—is considerably higher than the mean erythrocyte 
value of the control group—4,336,500, Opposed to this, the miners’ group had a 
mean monocyte value of 6.40 and the control group, of 7.81. To get a clear picture 
on the existing differences, we have grouped and compared the hemoglobin, ery- 
throcyte, and monocyte values in Table 3. 

The hemoglobin variations are of interest. Of the miners, 58.3% and of workmen 
from the control group, only 17.3% had hemoglobin values above 15 gm. The find- 
ings for erythrocytes are very similar, Forty-five per cent of miners showed erythro- 
cyte values ranging between 4,500,000 and 5,400,000, and only 25% of workmen 
from the control group had a range of values within these limits. We believe that the 
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increased hemoglobin and erythrocyte values for the miners are due to the influence 
of manganese oxides. However, we must point out that in this group of miners we 
have not come across erythrocyte values as high as have been mentioned by some 
authors." 


The highest erythrocyte value for the group of miners amounted to 
5,380,000. 


It is rather difficult to explain the statistically important discrepancies im 
monocyte values (Tables 2 and 3). So far our investigations “* have shown that 
particular groups of workmen have mean monocyte values between 6.77 and 7.29. 
The mean monocyte value in the miners’ group represents the lowest group value 
stated up to now. We see no reasons to contradict the influence of manganese on 
the phenomenon of the diminished mean value of monocytes, although no records of 
it are found in the literature up to now. On the contrary, some authors have men- 
tioned monocytosis.t 


We have found no other changes of importance in blood elements, as seen in 


Table 2. We have set up groups of all blood elements following Table 3, but, finding 
no considerable deviations, we refrain from publishing these results. 


CONCLUSIONS 
On the basis of clinical experience in our Institute and on the basis of investi- 
gations as described in the present paper, we have come to the following con- 
clusions : 

1. Permanent increased exposure to manganese oxides dust causes (a) increased 
hemoglobin values and erythrocyte counts, indicating that manganese stimulates 
erythropoiesis in its first phase of activity, and (b) decreased monocyte values, 
indicating that manganese influences the white cell elements in its first phase of 
activity, 

2. In the course of chronic manganese poisoning our blood findings show (a) 
in four cases a decrease in leucocyte values, (/) normal values in the differential 
blood picture, and (¢) normal hemoglobin and erythrocyte values. 

The possibility that anemia may occur in the course of especially grave chronic 
poisoning should not be ignored, though we have not had any experience with its 
occurrence, Anemia is mentioned by several authors,$ but the question is left open : 
Is anemia caused by inhibitory activity of manganese on erythropoiesis in the second 
phase of poisoning, as supposed by some of the cited authors, or is it due to some 
secondary causes, among which cachexia should especially be pointed out ? 

This communication covers only the first stage of our research on the influence 
of manganese on blood elements and hemoglobin. 
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D. D. T. INTOXICATION IN A FAMILY OF SOUTHERN TAIWAN 


H. C. HSIEH, M.D. 
CH’AO-CHOW, PING-TONG, TAIWAN (FORMOSA) 


He DATE July 15 of the lunar calendar is a civil festival day widely celebrated 
throughout Taiwan. “PO-TO” is the Taiwanese name of the occasion, and 
during the day the people prepare a sacrifice in the form of a big dinner offered to 
their ancestors and to other deceased persons who have no descendants. On the day 
before the 1952 festival (Sept. 2, 1952, by the Gregorian calendar) the housewife of 
one family of 11 members, in Chia-Tso village,* of Wan-Luan township, Ping-Tong 
prefecture, Taiwan, prepared food for the next day’s celebration. One kind of food 
was a pork dumpling, or sort of meat ball, consisting of a mixture of wheat flour, 
eggs, sweet potato flour, onions, and Chinese sauce, cooked in approximately 
1,500 gm. of lard. During the blending of the ingredients the housewife accidentally 
used approximately 40 gm. of 50% wettable D. D. T. which found its way into the 

preparation. The pork dumpling mixture therefore consisted of the following : 
Ingredients Gm. (approx. ) 

DD. D. T. (50% water-wettable ) 

OO) 

188 

Sweet potato flour 110 

Onions 120 

75 

100 


Total 1,533 


About 70 balls were prepared from the above materials. Consequently each pork 
dumpling contained approximately 286 mg. of technical D. D. T., which was well 
mixed in the preparation. The whole family partook of the pork dumplings con- 
taminated with D. D. T. The result was that most of the members suffered toxic 
effects. Observations and notes were made on Sept. 5, 1952. A summary of the 
average dose each person received and the corresponding individual reactions is 
given in the Table. 


SYMPTOMS OBSERVED 

As shown in the Table, | have estimated the dose of technical D. D. T. per 
kilogram of body weight ingested by the individual patients. Part of the D. D. T. 
in each pork dumpling may have been lost during the frying in lard, since this 


From the Taiwan Provincial Malaria Research Institute. 
* This village was in the D. D. T. 
the use of 50% wettable D. D. T. 
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residual house spray program for malaria control with 


_ 


operation may have dissolved some D. D. T. from the surface of the dumpling. It 
may be seen from this Table that doses of pure D. D. T. below 10 mg. per kilogram 
did not cause any manifestation of toxic symptoms except in the case of one man 
who ate approximately 6.0 mg. of pure D. D. T. per kilogram of body weight. How 


ever, this exceptional person was ill with an infection and hungry when he ate the 


1). D. T.-contaminated food. 

Eight of the 11 members of this family showed 1). D. T. intoxication. The symp- 
toms observed were excessive perspiration, nausea, vomiting, convulsions, headache, 
increased salivation, tremors, accelerated heartbeat, and cyanosis of the lips. Multi- 


ple symptoms were observed in each case. In most of the cases convulsions of the 
Individual 1). DT. Doses and Reactions of a Group of Persons Who Accidentally Ate DD. 7. in Their Food 


Elapsed 
Estimated Estimated Time from 
Meat Dose of Dosage Ingestion 

Body Balls Pure ot Pure to Onset 
Weight, Faten, of Symp- 
keg. No. Eaten, Me. Mg./Ke. Symptoms toms, Hr. 


4 1,144 120.5 Perspiration, tremors, 2 
convulsions, vomiting, 
eyanosis of lips 


1,716 ‘ Perspiration, nausea, 
vomiting, mild econvul 
sions, headache 


1,144 87. Nausea, vomiting, per 
spiration, tremors, con 
vulsions, accelerated 
heartbeat 


Convulsions, natisea, 
perspiration, salivation, 
mild headache 


Perspiration, nausea, 
mild convulsions, 
headache 


Perspiration, convul 
sions, tremors 


Headache, convulsions, 
nausea 


No symptoms (pregnant) 
No symptoms 


Perspiration, headache, 
nausea, tendency to 
vomit 


No symptoms 


*This patient was ill with an inteetion and bungry when he ate the pork dumpling 


extremities of varying intensity were observed. The symptoms appeared in from 
two to six hours after the eating of the D. D. T.-contaminated pork dumplings. 

Among the eight intoxicated persons, the youngest, a 2-year-old girl, ate 120.5 
mg. of pure D. D. T. per kilogram of body weight and manifested more serious 
symptoms, such as perspiration, tremors, convulsions, vomiting, and cyanosis of the 
lips. Her toxic manifestations appeared in two hours. A healthy pregnant woman 
who ate 10.3 mg. of pure D. D. T. per kilogram of body weight did not manifest 
any symptoms. 

It is regrettable that additional examinations, including blood and urine analyses, 
stomach lavage analysis, and blood pressure determinations, could not be carried 
out on the victims. However, under the conditions of strictly limited facilities, this 
was not feasible. 
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TREATMENT 
The D. D. T.-intoxicated persons were apprehensive and excited, and a local 
practitioner was called in. This physician immediately gave them enemas with 30 ce. 
of saline and magnesium sulfate solution. The adult dose of magnesium sulfate used 
was 20 gm., and it was correspondingly reduced in the lower age groups. All the 
patients improved on the following day and completely recovered within two days 
after eating the I). 1D. T.-contaminated pork dumplings. 


SUMMARY 


(Observations on accidental D. 1). T. intoxication were made in a family eating 
D. D. ‘T.-contaminated pork dumplings in a rural village of southern Taiwan. 

Seven of 11 members of the family, eating approximately 16.3 to 120.5 mg. of 
pure D. D. T. per kilogram of body weight, showed multiple symptoms of intoxica- 
tion. One ill person who ate approximately 6.0 mg. of pure D. D. T. per kilogram 
of body weight while hungry also showed symptoms. 


Symptoms observed were excessive perspiration, nausea, vomiting, convulsions, 
headache, increased salivation, tremors, accelerated heartbeat, and cyanosis of the 
lips. 

The elapsed time from ingestion of toxicant to onset of symptoms varied from 
two to six hours according to the amount of the ingested I). D. T. and the health 
status of the victim. 

The intoxicated persons were given enemas of saline solution and magnesium 
sulfate during the toxic manifestations. All recovered within two days after the 
appearance of symptoms. 


| 


Abstracts from Current Literature 


Industrial Toxicology 


ApLastic ANEMIA FoLLowING Exposure to CARBON TeTRACHLOKIDE. BERNARD STRAUS, 


J. A.M. A. 155:737 (June 19) 1954. 


Three patients with aplastic anemia following chronic exposure to carbon tetrachloride died. 
In one case, overt injury to the liver was also sustained. It is suggested that chronic exposure 
to this widely used industrial solvent may result in irreversible bone marrow damage. Carbon 
tetrachloride poisoning should be considered as a possible etiological factor in cases of aplastic 


or refractory anemia. From The AuTHor’s SUMMARY. 


Mercury Hazarp Its Contror IN THE REFINERY LABORATORIES. C. M. Berry, M. 
Sull. (Stand. Oil N. J.) 14:76-80 (March) 1954. 


In refineries metallic mercury is used primarily in the instrument shops and laboratories. 
The mercury consumption often exceeds 100 lb. per month. Since most of this mercury replaces 
that lost from equipment due to breakage, spillage, or blowing of seals, an industrial hygiene 
problem may result. Two cases of mercurialism have occurred in the author’s plant. The 
following measures have been taken to limit exposure at refinery locations: (1) centralizing 
mercury handling activities; (2) keeping all mercury equipment covered; (3) controlling spillage ; 
(4) collecting spillage; (5) controlling evaporation; (6) housekeeping of the highest order; (7) 
discouraging pedestrian traffic through mercury handling. areas; (8) maintaining personal 
hygiene of workers; (9) additional ventilation in the workroom area; (10) using nonamalga 
mating metals or ceramic materials for sinks and traps, and (11) eternal vigilance. 


Errect oF A COMBINATION OF SOs AND HeSO, oN Guinea Pics. Mary O. Ampur, Pub. 
Health Rep. 69:503 (May) 1954. 


This preliminary report describes the exposure of eight guinea pigs to a combination of 8 mg. 
per cubic meter of sulfuric acid and 89 ppm of sulfur dioxide. As criteria of damage, growth 
curves, respiratory response, and lung pathology were used. These combined criteria showed 
that the effect of the combination was much more marked than the effect of either sulfuric acid 
mist or sulfur dioxide alone at the same concentrations. lung damage consisted of large areas 
of complete consolidation and hepatization, with some hemorrhage with lengthened exposure. 
After an 8-hour exposure to the combined aerosol, the growth curves showed some recovery, 


but a 16-hour exposure stopped all growth. W. D. Sweatt. Boston. 


WoRKING CONDITIONS AMBIENT TO [INERT-GAS-SHIELDED MetaL-Arc WELDING 


LeSLIE 
SILVERMAN and Harry Gitpert, Welding J. Res. Suppl. (May) 1954. 


The development of new welding techniques and procedures requires a reinvestigation of the 
possible exposure of operators to new or different health hazards. This particular study is pri- 
marily directed at conditions in the breathing zone of the newly developed inert-gas-shielded 
metal-arc welding process with consumable electrode 

The principal feature of this unit is a helium- or argon-shielded are, with controlled con- 
sumable electronic wire feed which may be manually directed or operated automatically by 
controls. Filler metals of various compositions are fed in wire form through the center of the 
shield, which consists of a tube through which an inert gas (helium or argon) is passed, The 
wire is fed at a rate equal to the desired deposition for various practical applications. Varying 
currents and current densities are applied for different wire sizes, but the densities encountered 
are many times those found with ordinary stick electrodes. For example, a wire diameter of 
%o in. when used with a recommended welding current of 300 amp. gives a current density of 
43,500 amp. per square inch as compared with the current density obtained with a '% electrode 
of 6,120 amp. per square inch. 
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The higher current density produces a more confined source of spectral energy in both ultra- 
violet and infrared ranges. The excitation of various metals produces different atmospheric 
conditions and will be discussed at length. The choice of argon or helium depends principally 
on the metal welded. The gas flow rate is controlled by a pressure regulator and a flowmeter 
as in gas welding. 

The purpose of this investigation was to study the atmospheric conditions in the welding zone 
with regard to the operator’s exposure and to determine the concentrations and significance of 
the various gases and particulate matter produced. These were to be compared with various 
welding metals and with the conditions found in the conventional electrode welding. It should 
be understood that this study did not cover all available aluminum or stainless compositions, and 
development of new materials might require further research. For example, since this study 


was completed, processes incorporating oxygen into the inert gas when welding on steel have 
been developed From THE AUTHORS’ SUMMARY. 


FAILURE OF RESPIRATION IN DEATH BY ANTICHOLINESTERASE Potsontinc. C. A. De CANDOLE 
and Oruers, Brit. J. Pharmacol. 8:466-475, 1953. 


The various anticholinesterase drugs (diethyl p-nitrophenyl phosphate [E 600], diisopropyl 
fluorophosphate, dimethylamidoethoxyphosphoryl cyanide |[Tabun], isopropylethyl fluorophos- 
phate [Sarin], Soman, and tetraethyl pyrophosphate |TEPP]) which produce respiratory failure 
in mammals do so in three main ways: by producing bronchoconstriction, by neuromuscular 
block, and by central respiratory failure. Central failure was the predominant factor in most 
instances, but the detailed picture varied with the species, the drug used, and the dose admini- 
stered. Depression of the activity of the respiratory center was due to a direct central nervous 
system action. Atropine protected against central inhibition and bronchoconstriction, while 


artificial ventilation protected in the presence of neuromuscular blockade. Cann. Aver. 


TRICHLOROETHYLNE POISONING, WITH PARANOID PsycHosis AND LILLIPUTIAN HALLUCINA- 
tion. J. Topp, Brit. M. J. 1:439-440 (Feb. 20) 1954. 


A case of accidental poisoning with trichloroethylene is described. An acute paranoid 
psychosis, with Lilliputian hallucination, followed a 36-hour coma. 
hepatorenal damage at any time. In this case the microptic hallucination differed in many ways 
from the classical descriptions in the French literature. 


There was no evidence of 


FROM THE AUTHOR'S SUMMARY. 


OBSERVATIONS ON DITHIOL AND 1HE DistRIBUTION OF LEAD IN Raspits. K. R. Apam and 
M. WEATHERALL, J. Pharm. & Pharmacol. 6:403-409 (June) 1954. 


Dimercaprol (BAL) promotes the excretion of lead from the body. It is a dithiol, and there 
are others which might be more effective. Of these, dimercaprol glucoside, which has a low 
toxicity, was chosen for an examination of its effect on the distribution of lead in the body. 
Lead chloride or lead acetate, containing some radioactive lead as tracer, was injected intra- 
venously into rabbits. Either 1 and 5 hours later, or 19 and 23 hours later, the dithiol was 
injected intramuscularly. The animals were killed 24 hours later; estimations of the lead in 
the tissues were made by measurement of their radioactivity by means of a Geiger counter. 

Dimercaprol glucoside produced a total excretion in 24 hours of up to 30 or 40% of the dose 
of lead given. The quantity of lead was reduced not only in the liver and bone marrow but 
also in the kidneys, blood cells, and bone. In the urine and bile considerable increments occurred, 
accounting for most of the lead removed from the tissues. Lead combines reversibly with various 
receptors in the soft tissues or with dithiols, and in each reaction an equilibrium is reached. 
Bone takes up lead more slowly than the soft tissues, and lead so taken up is much less dissociable. 
More lead was excreted while the dithiol was given, and the rise in tissue-lead thereafter was to 
a lower level than before treatment; similarly the bone-lead reached a lower final level. Dimer- 


caprol glucoside was substantially more effective than dimercaprol in promoting the excretion of 
] in the urine. 
E. L. Hye. | 
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Leap Hazarb IN THE AvIATION INDUSTRY. F. S. Parte, M. J. Australia 2:47-49 (July 11) 
1953. 


The use of tetraethyl lead in aviation gasoline suggests the existence of an. industrial hazard 
to those exposed to its manipulation. The hazard may arise in the running of an aircraft or in 


its dismantling after every 700 to 1,000 hours of use. Decomposition products, oxides and 


bromides of lead, are formed when an engine is running; they are deposited on the wings behind 


the engine or in the exhaust tubes. Deposit on the wings contains 30% of lead together with 
carbon and partly combusted oil; it is removed in the open air by a cleaner using a cloth 
damped in alcohol. Hazard should arise only from carelessness in washing the hands. Cleaning 
augmentor tubes, performed indoors with a wire brush to remove a dust containing in one 
example 42% of lead, presents a greater hazard; but it is done only once a week. Samples 
of urine from the cleaners contained only 0.09 to 0.15 mg. of lead per liter. 

When aircraft engines have been dismantled for cleaning purposes, a lead hazard arises 
when lead deposits are being removed from various parts, and lead fumes are given off when 
portions of the exhaust system are being welded. The lead deposit in cases quoted contained 
46 to 76% of lead. The different parts are cleaned in a grain-blasting booth into which the 
worker’s manipulating arms are thrust through rubber sleeves which prevent the air under 
pressure within from escaping. There should be no hazard if the appliance is in order. Some- 
times sandblasting is similarly applied. When repair work by welding is done on exhaust tubes, 
an excessive concentration of lead fumes could be created but, in fact, dees-not ordinarily occur 
in practice. No cases of plumbism were seen or heard of. 


Nevertheless, a hazard does exist, 
and care is needed to obviate it. 


E. L. [Buin Hye.] 


Leap INTOXICATION IN THREE FAmities. ANN BrincGe, M. J. Australia 2:62-65 (July 11) 
1953. 


The cases of lead poisoning reported, including one of lead encephalopathy in an infant, 
cecurred in old dwellings close to a factory in which coffins with lead handles and ornamentation 
were made. Extractor fans blew the dust into the street. Symptoms are described. The high 
urinary excretion of lead diminished when the source of poisoning was corrected. 


CONDENSED FROM Butt. Hye. 


INVESTIGATIONS ON THE INCIDENCE OF OCCUPATIONAL DISEASES IN THE MANUFACTURE OF 
DICHROMATE AND IN THE MINING AND CONCENTRATING OF CHROMITE. Report 1, 
Government of India, Ministry of Labour, Office of the Chief Advisor Factories, 1953. 


This report is divided into two parts. The first part deals with dichromate manufactured in 
India. At the time of the investigation, seven plants with a total employment of 631 (20 of 
whom were women) were in operation. The factories and the operations are deseribed. No 
air analyses were made. Medical examination of the employees indicated just over 50% of the 
workers had either skin ulcers or nasal perforations or both. The incidence of these conditions 
was greatest among the roastermen and centrifuge workers and the leach and acid-tank workers 
(the latter because of lack of isolation of the first two operations which are said to be chiefly 
responsible for the exposure to hexavalent chromium compounds). Grinders and mixers, who 
work with chromite ore and who are exposed to relatively high concentrations of dust of this 
material, showed the least incidence of ulceration and nasal perforation. 

The second part of the report describes an investigation made in a chromite mine and con- 
centration plant and in a nearby magnesite mine whose workers were used as controls for the 
chromite study. Dust counts, made with the midget impinger and light-field counting, showed 
low dust concentrations in all operations other than crushing (70.6 mppef), grinding (114.2 
mppef), screening (19.3 mppef), and packing (54.2 mppcf). The dust was found to contain about 
1.8% free silica and 7.8% chromium as Cr.O, at the crusher and grinder and 5.3% free silica 
and 45% Cr.Os in the packing section. Chest x-rays on 15 by 12 in. films were made of 99 
chromite and 59 magnesite workers. Ground-glass 1 and 2 markings of the lungs were found in 
33.3% of the chromite and in 15.3% of the magnesite workers. Correlation between time of 
exposure and the lung markings for the chromite workers was said to be positive, and it is con 
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cluded that chromite dust has an adverse effect on the lungs and tends to increase pulmonary 
markings. Respiratory tract effects were insignificant, and the effects on the skin and nasal 
mucosa seen in the chromate workers were absent. 

Recommendations for the reduction of the incidence of skin and nasal effects in the chromate 


industry are made. . 
SAMUEL MOosKowlTtz. 


ENVIRONMENTAL AND MepicAL Stupies IN THE STORAGE-Batrery INnustRY. Report 2, 
Government of India, Ministry of Labour, Office of the Chief Advisor Factories, 1953. 


This report describes an investigation made in 1950-1951 in all the lead storage-battery plants 
then operating in India. There were 16 plants, and these had a total of 492 employees at the 
time the visits were made to them. 

The operations are described, and each of the factories is rated as to building construction, 
sanitary and related facilities, and control measures which are provided. Air tests for lead fumes 
and dust were made at typical operations in each of the plants. The lead exposures were found 
to be within or only slightly over the maximum allowable concentration of 1.5 mg. per 10 
cubic meters of air in only two of the plants. These two were those which had the highest 
ratings for physical environments and the controls provided to keep air contamination low. 

Occupational histories of all the employees were procured, and, in addition, they were 
examined for subjective symptoms and such objective symptoms as lead line of gums, pallor, and 
tremor. No hematological examinations were made, but 216 urine specimens and 176 blood counts 
were analyzed for lead, and 449 urine specimens were examined for porphyrins. In spite of lead 
exposures as high as 6.0 mg. per cubic meter, there were no cases of disabling plumbism seen. 
Early plumbism was detected in 10.6% of the workers. The urine, blood, and porphyrin 
determinations were not used in making the diagnosis but were used in attempts to correlate these 
findings with the medical examinations. 

Correlations between urinary lead and exposure and between excretion with diagnosis of 
early plumbism were not considered to be good, but the correlation between urinary lead content 
and time-intensity (product of months of exposure by atmospheric exposure in milligrams per 
10 cubic meter) and the correlation between urine porphyrin and early plumbism and with 
time-intensity were considered to be good. It was concluded, in view of the ease of performing 
the test, that periodic porphyrin tests were desirable as a means for screening groups of workers 
exposed to lead. 

The report closes with a recommended code for the manufacture and repair of lead storage 


batteries. 
eter ies Samuet MoskowlItz. 


LuNGs or Erectric Arc WELbERs. R. Potson, P. Rovyer, and G. Jouve, Arch. mal. profess. 
14: 479-487, 1953. 


Results of x-ray examination of a number of arc welders are presented. The men had worked 
in an enclosed space for a number of years with little or no protection from the fumes. The 
only important constituent of the fumes was iron oxide, so far as lung appearance was concerned. 
The miliary shadows seen were divided into three types according to their intensity. Hilar 
shadows were accentuated, with reticulation, and spots varying in size were scattered over 
both lungs. The shadows indicated collections of iron dust on the tracks that dust is known to 
favor in the lungs. No sign of tuberculous infection was detected. The two deaths that occurred 
were from other causes. No pulmonary fibrosis or other pathological lesion was found. No 
case came under notice with any complaint. When any man was away from exposure for some 
time, the x-ray manifestations disappeared, indicating that the inert iron dust had been eliminated 


without harm. CONDENSED FROM BuLL. Hye. 


Toxicity or CycLonexANE. S. Tara, Arch. mal. profess. 14:494-496, 1953. 


Cyclohexane is considered nontoxic, and so it is at times used to replace benzene as a solvent. 
But cyclohexane is made by the catalysis of benzene, and without doubt the commercial product 
contains benzene. Hence, prolonged industrial exposure to solvents containing cyclohexane may 
carry a risk of benzene poisoning. This possibility is supported by three cases, of which the case 
histories are given in full. 
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The first was a mild instance, due to working with a rubber paste in which benzene was 
at one time used as the solvent, but had been replaced in 1949 by cyclohexane. The blood of the 
young woman concerned showed anemia, with red cells varying between 3,088,000 and 4,000,000 
per cubic millimeter ; she complained of asthenia, occasional headaches and vertigo, but no hemor- 
rhages; she improved and returned to work. The second worker degreased pieces of metal by 
hand in a bath containing as solvent cyclohexane 70%, ethyl acetate 15%, and ethyl alcohol. 
The patient exhibited pronounced asthenia, headaches and vertigo, and persistent ecchymoses ; the 
blood showed intense neutropenia, with 1,140,000 red cells and 600 white cells per cubic millimeter. 
Abundant and repeated transfusions were administered over many months with final success. 
The third patient was similarly exposed to manipulating a rubber paste, with cyclohexane as 
the solvent, which was considered nontoxic. Here both blood and bone marrow showed signs 
attributable to benzene poisoning, and no benefit was obtained by treatment. 

The conclusion drawn is that commercial cyclohexane often contains as an impurity benzene 
and that mixtures of solvents are often more toxic than each solvent may be alone. 


E. L. [Buin Hye.] 


Toxicity oF COMMERCIAL CYCLOHEXANE: PART PLAYED By R. Trunaut, 
Arch. mal. profess. 14:497-499, 1953. 


The author, when studying possible substitutes for benzene as solvents, determined after 
animal experiments that cyclohexane might be considered a nontoxic substitute. Animal results, 
however, may not always give results strictly applicable to human beings. He discusses the 
pathological cases reported by Tara (preceding abstract). Samples of commercial cyclohexane 
were found to contain definite amounts of benzene. The author concludes that the impurities 
in commercial cyclohexane are responsible for its toxicity and that there is no real evidence for 


incriminati as a toxic ystance, 
iner ating cyclohexane as a toxic substance Beri. 


RaApDIOLOGY OF THE INTESTINE IN LEAD Cotic. M. Levrat, L. Rocue, P. Bret, and A 
Anjou, Arch. mal. profess. 15:113-118, 1954. 


It is extremely difficult to obtain x-ray pictures of the abdomen in the acute stages of lead 
colic. Patients do not reach hospital until the acute stage is over, by which time any charac- 
teristic x-ray appearances have disappeared. A study was made in which barium was given and 
observed by x-ray while passing along the intestines in cases of lead colic. The movements 
of the barium are shown in a series of illustrations, from which lead colic seems to present a 
picture of atony without distention. The atony occurs throughout the intestine, in the jejunum 
and on to the ileocecal valve. Generally intestinal atony is associated with distention; but this 
is not the case in lead colic, and this may help in differential diagnosis of doubtful abdominal 
trouble. The reason is mysterious. Lead colic can be induced by dimercaprol (BAL). Atony 
of the intestine, with dilation, is attributed to a hypertony of the orthosympathetic, and rapid 
relief of lead colic may be produced by splanchnic infiltration. 


Farse Casts oF BENZENE PotsoninG. S. Tara, Arch. mal. profess. 15: 141-144, 1954. 


The claim is entered that workmen’s compensation often intereferes with treatment, especially 
in cases in which there is any possibility of exposure to benzene while at work. Physicians tend 
to forget that their first duty is to treat the patient and not to make a diagnosis supporting a 
legal claim to compensation. Three difficult cases are instanced: the first patient developed a 
large abdominal tumor of uncertain origin; the second was diagnosed, after much doubt, by 
experts as suffering from the syndrome of Adie, an opinion neglected by the legal authority ; 
the third was operated upon for lymphosarcoma of the bowel. These were serious cases of 
difficult diagnosis, but many other cases occur of mild anemia, easily cured, which are mistakenly 
ascribed to benzene poisoning. Once a compensation interest has been introduced, the thoughts 
of the patient may become centered on the legal claim, and he may refuse to accept any other 
cause of disability, even though curable. Legal compensation is not an unmixed blessing. 


FE. L. [Butt Hye.] 
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AZOTEMIA OF PERSONS SUFFERING FROM LEAD POISONING AND OF WORKERS EXPOSED TO 
Leap Apsorption. G. BaLpt and M. GruptLeo, Med. lavoro 44:420-428 (Oct.) 1953. 


Azotemia was investigated in 50 lead storage-battery workers and in 117 other workers who 
suffered from lead poisoning. Of the 50 wor'ers, 14% who had symptoms of poisoning but were 
free from hepatic and renal lesions showed a hyperazotemia of 0.5% ; 29% of the workers who 
had colic and 12% of the chronically poisoned workers showed hyperazotemia. Exposure to 
lead for nine months does not in itself give rise to hyperazotemia. The higher the amount 
of lead in the blood, the higher the incidence of hyperazotemia. The lead presumably favors 
the actions of enzymes which destroy the protein molecule, thus producing incoagulable 


catabolites; lead also inhibits some of the enzymic complexes which synthesize proteins from 
amino acids, . 
acids ADAPTED FROM CHEM. ABsT. 


CuHLoracne, V. Med. lavoro 45:131-145 (March) 1954. 


This article contains a report and description of three cases of chloracne caused by an aromatic 
hydrocarbide, the pentachlorodiphenyl, as yet little known as a factor able to cause this occu- 
pational dermatosis. The incapacity of the product to cause acne lesions on the skin in its 
original oleaginous state vs. the incidence of the classical pattern of chloracne in workers 
exposed to its vapors once again raises the scientific and practical problem as to whether the 
dermatosis is caused by the direct external pathological action of the pentachlorodiphenyl on the 
skin or by the endogenous action following absorption through the gastroenteric and the 
inhalatory route. Though the former would seem the simplest and easiest access, more numerous 
elements, however, do not allow the rejection of the assumption that the dermatosis could be 
caused by an action of the pentachlorodiphenyl on the hematic route. 


From THE AUTHOR'S SUMMARY. 


On a Case OF CHIROPODAL TETRAPLEGIA FROM SUBACUTE ARSENIC AND LEAD POISONING 
Treated with BAL. Emitio SARTORELLI, Med. lavoro 45:146-154 (March) 1954. 

This is a description of a case of subacute arsenic and lead poisoning, with chiropodal tetra- 
plegia and severe involvement of the sensitivity. The patient had for three months been employed 
in the demolition of an old lead foundry shed. The metal framework was covered with dust’ 
containing 10 to 30% of lead and 0.11 to 0.43% of arsenic arising from the impure lead remelting 
boilers ; during the cleaning of the metal beams and the torch cutting operations, the worker was 
obliged to inhale dust and vapors containing lead and arsenic. 

The treatments resulted in only a slight improvement of the paresis of the arms. The patient 
was therefore sent to the orthopedic section where he was subjected to the bilateral tenotomy of 
the Achilles tendon; he was then fitted with orthopedic shoes which allowed him to resume 
walking with the aid of a cane. 

A cycle of treatments with dimercaprol (BAL) showed no improvement of the clinical pattern. 
The action of dimercaprol, however, produced an evident decrease in the urine concentration of 
arsenic and a marked increase in the urine concentration of lead; no variation had taken place 


in the coproporphyrinuria. 


OccuPATIONAL POISONING FROM PHOSPHORUS OXYCHLORIDE. CARLO Sassi, Med. lavoro 
45:171-177 (March) 1954. 


This article contains a description of 20 cases of acute and chronic subacute phosphorus 
oxychloride poisoning in workers employed in the production of this compound. Oxychloride 
concentrations in the air varied from 10 to 20 mg. per cubic meter in normal conditions to 70 mg. 
per cubic meter in case of breakdowns. 

Acute poisoning is characterized by burning of the eyes and throat, dyspnea, lacrimation, dry 
cough, with objective findings of reddening of the conjunctival and pharyngeal mucosa, accom- 
panied by slight bronchitic facts, sometimes complicated with bronchial stenosis on the following 
days. In chronic poisoning the disturbances begin after one to seven weeks of work and consist 
of irritation of the conjunctiva and pharnyx, cough, catarrh, acute dyspnea, with objective findings 
of asthmatic bronchitis. Prolonged exposures can, furthermore, give way to pulmonary 
emphysema. The appearance of a leucocytosis, with neutrophilia, secondary to bacterial asso- 
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ciation, is quite frequent. The roentgenological examination of the chest either is normal or can 
present accentuation of the bronchovascular design. Acute forms recover in 5 to 7 days, chronic 
in 7 to 20 days; both show a marked trend to relapse and to transform, also because of the effect 
of other irritating or environmental factors’ into chronic asthmatic-like bronchitis. The affected 


must be removed from work; treatment with bronchodilators, balsamics, penicillin by both 
aerosols and parenteral therapy is useful. Analeptics are indicated in acute manifestations. 


From THE AuTHOR’S SUMMARY. 


ALTERATIONS OF THE Eye Curonic Mercury Potsoninc: CLINICAL AND EXPERIMENTAL 


Researcues. G. Bator, B. MAkencut, and A. Med. lavoro 45:214-223 (April) 
1954. 


Twelve cases of constriction of the visual field in hatters chronically poisoned by mercury 
vapors are described. The visual alteration, observed a few years after the first appeararice of 
the intoxication, was followed up annually from 1949 to 1953; it was found to be aggravated 
in nine cases and unchanged in three. 

The histological alterations of the optic centers and of the optic tracts were studied in 15 
rabbits which were made to inhale for two hours a day air containing 5 mg. per cubic meter of 
mercury vapors. Death of the animals, caused by mercury poisoning, occurred between the third 
and eighth months; none of the rabbits tolerated the treatment for a longer time. No alteration 
of the internal organs was revealed by the histological examination. Rabbits which died after 
four months of exposure showed an edematous condition of the nervous tissue, originally 
manifested around the small vessels and then diffused throughout the brain. 

Hemorrhagic focuses with formations or malacotic focuses and signs of demyelination in the 
quadrigeminal bodies were observed in animals which tolerated the exposure from six to eight 
months. Only two rabbits, poisoned for four and six months, respectively, showed a certain 
increase of the stromal cells, with neurophagic tendency of the neuroglia. The alterations found 
were localized above all in the quadrigeminal bodies and in the optic chiasm. 

The histological lesions experimentally observed in the central nervous system of the rabbits 
poisoned with Hg vapors may be considered as the pathological basis of the visual disturbances 
observed in the clinical cases described. From tHe AutHors’ SUMMARY. 


AGGLUTINOGRAM IN CHRONIC BENZENE POISONING. GtULIO Sarita and CARLO SBERTOLI, 
Med. lavoro 45:250-253 (April) 1954. 


Eighteen workers affected with benzene poisoning and four workers exposed to the hazard 
of benzene but without clinical signs of intoxication were examined for the determination of the 
plastocytic agglutinability. 

The conclusions drawn from the results of the research are as follows 

1. Besides thrombocytopenia, chronic benzene poisoning may give way to a_ functional 
diminishing of these elements shown by hypoagglutinability. 

2. Hypoagglutinability and thrombocytopenia are often associated, especially in severe cases, 
but a dependence between the two alterations is not necessary, 

3. The hypoagglutinability of the platelets is not always related to the decay of the hematic 
crasis or to the degree of the clinical pattern. 

4. The hypoagglutinability of the platelets is always accompanied also by morphological 


alterations of these elements. Faow tek 


Fatat PotsoninG with Dinirro-o-Cresor. <A. L. Cortt, Rev. farm., Buenos Aires 95:157- 
166, 1953. 


Toxic absorption through the skin or by respiration occurs in harvest workers when dinitro- 
o-cresol is used in pest control, Symptoms appear when the concentration in the blood is 40 7 
per cubic centimeter and more. A case with 70 ¥ ended fatally. The symptoms are sweating, 
short rapid respiration, thirst, debility, somnolence, and rapid loss of weight. Increase in 
metabolic rate of 265% has been observed. Application of a solution in ethanol to the shaved 
skin of guinea pigs showed a maximum tolerated dose of 0.2 gm. per kilogram. 


Inpust. Hye. Dicest. 
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INTOXICATIONS WITH ORGANIC PHospHorus Compounps. B. TascHen, Med. Monatsschr. 


8:11-12, 1954. 


Diethyl p-nitrophenyl thiophosphate is an insecticide used under various commercial names. 
(It is generally known as parathion in the United States.) The symptoms of poisoning are 
restlessness, disturbances of muscle coordination, inability to correct false position, spastic jerks, 
miosis, sialorrhea, incontinence with liquid stool, and respiratory inhibition. In man, the 
following additional symptoms appear: severe nausea and vomiting, gastric pain, sweating, 
cyanosis, and loss of consciousness. Sufficiently large doses cause death within two hours. Early 
treatment may be life saving. Atropine in large doses is most efficacious. Gastric lavage, 
medicinal charcoal, and cardiac and circulatory stimulants also are indicated. 

CuemM. ABst. 


INVESTIGATIONS IN CONTROL OF LEAD Hazarb. C. HeipeprieM and H. Breustepr, Zentralbl. 
Arbeitsmed. u. Arbeitsschutz 2:189-194 (Nov.) 1952. 


The control of lead hazard in a metallurgical plant was studied during a period of four years, 
the hazard being assessed by clinical signs of poisoning in workmen, punctate basophilia, and 
urinary coproporphyrin determined fluorimetrically. Altogether 800 to 1,300 workpeople were at 
different times under medical care. 

Three hundred twenty-two smelters excreting up to 300 7 per liter of porphyrin were almost 
equally grouped among those with blood-containing punctate basophilia 0 to 10 basophiles per 
million red blood cells (RBC) and those with 10 to 100 basophiles per million RBC. Where the 
urinary porphyrin concentration was greater than 300 7 per liter, 90% of workmen had baso- 
philia in the range 10 to 100 basophiles per million RBC. The urinary porphyrin of this group of 
smelters was 163 7 as compared with the average (97 7) for 220 other factory employees and 40 
7 of porphyrin for a group of young persons (under 18 years) not exposed to lead. 

Of the various trades inside the plant, locksmiths, blacksmiths, and smelters excreted more 
porphyrin than other groups. In 1951, 19 cases of lead poisoning were recognized clinically, 12 
of the patients having raised urinary porphyrin concentration, The remaining seven cases, with 
porphyrin levels below 250 ¥ per liter, comprised four cases of poisoning already diagnosed ; 
these four men had been withdrawn from hazardous work. 

Altogether 49 smelters exhibited increased porphyrinuria in the period March, 1951, until 
February, 1952, without definite signs of plumbism, and were not removed from lead hazard. 
Of these, 15 suffered from other illness, 14 presented indefinite signs of lead intoxication, 12 
were possible early cases, and the remaining 8 could not be classified. 


J. E. Kencu [Bucr. Hye.]. 


NosoLocy or LEAD Poisoninc. K. MULLER, Zentralbl. Arbeitsmed. u. Arbeits- 
schutz 3:8-9 (Jan.) 1953 


Four cases of poisoning due to tetraethyl lead are described among 10 workmen concerned 
with the recovery of lead scrap. The latter, which was used for Pb (Et)« production, contained 
about 3 to 6% metallic lead. The workmen were provided with protective clothing, which, 
however, ceased to be serviceable after three weeks’ use, and during a further three weeks in the 
plant four cases of poisoning appeared of varying grades of severity. Symptoms variously com- 
plained of were anorexia, headache, dizziness, tremor, restless sleep with frightening dreams, 
hallucinations, and pains in muscles and joints. 

Slight liver damage was present in all four cases, and low-grade anemia in two cases 

Blood lead values ranged from 0.03 to 0.063 mg. per 100 cc. and urinary lead concentrations 
from 0.176 to 0.359 mg. per liter. The patients were discharged after varying periods of treat- 


ment from 38 to 71 days, without nervous sequelae Buus. Bre 


Curonic PotsoONING IN THE PRODUCTION OF Motu DETERRENTS, MAINLY COMPOSED OF 
PARADICHLOROBENZENE. KATHARINA WALLGREN, Zentralbl. Arbeitsmed. u. Arbeitsschutz 
3:14-15 (Jan.) 1953. 

Eight workers in a factory producing paradichlorobenzene showed evidence of poisoning, 
including methemoglobinemia, loss of appetite and weight, and irritation of mucous membranes 
of eyes and throat. Only one of the workers had an exposure longer than one year, and one only 
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one month. Methemoglobin concentrations lay between 0.42 and 0.29 gm. per 100 ml. of blood. 
All cases showed increased muscle reflexes, ankle clonus, and fine finger tremors. Blood 
pressure was within the normal range. In the blood, slight diminution of erythrocytes and hemo 
globin was observed, and there was relative lymphocytosis up to 63%. Four patients had out- 
spoken thrombocytopenia, and one workman had granulocytopenia, Sternal marrow was 
essentially normal. —— 


MEDICAL EXAMINATIONS OF CADMIUM WoRKERS AND THEIR ResuLts. D. ScHURMANN, 
Zentralbl. Arbeitsmed. u. Arbeitsschutz 3:69-71 (May) 1953. 


On July 26, 1952, five regulations were introduced in connection with accident insurance in 
occupational diseases under which cadmium and its compounds were listed as causes of com- 
pensable disease in Germany. This paper describes a survey made by the industrial medical 
service in Hesse on cadmium poisoning. Workpeople with cadmium contact, comprising 25 
men and 7 women, were studied. Of these persons, 21 were employed in an alkaline accumulator 
factory, 4 were employed in a smelting works producing cadmium alloy contacts and soldering 
material, 3 were galvanizers, 2 were spot welders, and 2 were employed in making cadmium 
metal brushes for motorcars. The youngest worker was 18; the oldest, 58 years of age. Duration 
of contact varied from six months to 15 years. 

Of the 32 subjects investigated, 21 complained of disturbances, such as nasal irritation and 
sneezing, sometimes epistaxis, and pharyngitis. Ulceration of nasal cartilage and atrophic changes 
of the mucous membrane were not observed. Two of the workers complained spontaneously of 
loss of smell, and altogether eight showed hyposmia, and two anosmia. Eleven exhibited a reddish- 
yellow line at the tooth margin, especially on the upper and lower incisors—a typical cadmium 
line, probably derived from cadmium sulfide. 


Increased sedimentation rate, which has been stressed as a constant feature in chronic 
cadmium poisoning, was not observed in some cases in which exposure to cadmium had 
certainly occurred. Six cases had increased sedimentation rate with the highest value 13/32 mm. 

In no case could urinary protein excretion be demonstrated unequivocally by the boiling 


and sulfosalicylic acid tests, but 11 cases gave a positive result with trichloroacetic acid, 
of which 4 were also positive with Heller's test. In seven cases the urinary sediment contained 
isolated leucocytes and erythrocytes. The blood picture was essentially normal, and blood pressure 
was that expected from the age of the patient. X-ray films of the lungs showed emphysema in 
four cases, and two were reported as giving indications of a chronic bronchitis. No relationship 
could be observed between length of exposure and severity of clinical manifestations. The 
hazard from cadmium in the alkaline accumulator industry appeared to be the greatest of the 
various occupations studied, that from galvanizing work being much less, especially if the 
cadmium residues are not worked on the spot. 

Nearly all the cardinal symptoms of chronic cadmium intoxication appear in men with 20 
years’ exposure to cadmium, but they may arise within six months if the exposure is intense 
Seven women showed all the signs and symptoms of cadmium poisoning. 

In recent years, six severe cases of acute cadmium poisoning have been reported in Hesse. 
In the present series, the youngest patient with acute poisoning was a 19-year-old laboratory 
assistant employed in plating cadmium, and his work involved exposure to cadmium oxide fume 
and dust. After one-half hour of this work, he became dyspneic and vomited. Clinically, there 
was fever, raised blood pressure, bronchitis, and pharyngitis. Four weeks later, gross loss of 
weight, general weakness, and sluggishness were present. Bronchial sounds were still audible. 

The author stresses the gravity of cadmium poisoning and also the desirability of excluding 
women and young persons from contact with cadmium. Strict precautions are needed as for 


lead, and the necessary measures are enumerated. — 
oe 


On THE QUESTION OF BLoop VEsseEL DAMAGE FROM POISONING BY CHLORINATED Hypro- 
CARBONS, WITH SPECIAL REFERENCE TO TETRA- AND TRICHLOROETHYLENE. H. MEYER- 
INGH and A. Dietze, Zentralbl. Arbeitsmed. u. Arbeitsschutz 3:81-85 (May) 1953. 


The case history of a chemical worker with acute tetrachloroethylene poisoning is described 
After about three weeks’ hospitalization the patient was discharged, but a few days later he 
was readmitted with mummification of the little toe. Necrosis was progressive in spite of lumbar 
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sympathectomy, and the limb was amputated. Histological investigations led to the diagnosis 
of endarteritis obliterans of the femoral artery of recent origin. It was concluded that such 
chlorinated hydrocarbons have a deleterious effect on blood vessels, although a comprehensive 
review of the literature revealed no previously reported effect of that nature. 


CONDENSED FROM BULL. Hye. 


CarBON POISONING FROM BURNING LuBRICATING A. STOKLY, Ztschr 
Unfallmed. u. Berufskrankh. 45:288-291 (Dec. 15) 1952. 


Two cases of acute carbon monoxide poisoning, one fatal, which occurred in unusual cir- 
cumstances are described. Two workmen were cleaning a hydraulic main and wore pressurized 
helmets, the air to which was supplied by an electrically driven compressor which also provided 
the compressed air for the sandblast. Owing to error, the cooling water to the compressor was 
not turned on, with the result that the machine became intensely hot, and the valve plates and 
part of the valve shafts were melted. Lubricating oil from the oil separator, which became 
defective, was burned in the overheated compressor, and the resulting carbon monoxide was 
driven into the workmen’s helmets, The men became unconscious 10 minutes after the work 
began. One workman responded to artificial respiration and oxygen. The blood of the dead man 


ained 60% cz xyhe in. - 
contained 60% carboxyhemoglobin Conpensep From Butt. Hye. 


Medicine and Surgery 


PREDICTION OF THE VOLUME OF PULMONARY ReEsipUAL AIR BASED ON THORACIC AND 
RADIOLOGICAL MEASUREMENTS, F. Lavenne, O. L. Wane, P. HuGH-Jones, and J. C. 


GILSON, reprinted from J. frang. méd. et chir. thorac. 8:1-10, 1954, by Institut d’Hygiéne 
des Mines (Hasselt). 


Residual air is that left in the lungs at the end of maximum expiration, Several different 
methods have been used for measuring residual air. The present research was in collaboration 
with the Pneumoconiosis Research Unit at Cardiff, South Wales, observations being made on 52 
men, of whom 24 were normal and 28 were coal miners with simple pneumoconiosis. The observa- 
tions made are given in detail and also in two distribution graphs. A high coefficient of correla- 
tion, 0.85, was found between the volume of residual air, measured by the method of dilution 
with helium, and the roentgenological volume of the thorax, calculated from the pulmonary 
surface determined planimetrically on an x-ray taken in complete expiration. Nevertheless, the 
distribution of the data is such that, in spite of these high correlations, prediction of the volume 
ef residual air in any individual case, by these two indirect methods, is too uncertain to be relied 


E. L. Hye.]. 


Environmental Conditions 


NystaGMus IN Ornerwisk NorMAL Coan-Miners. R. C. Browne and L, Frora Beck, 
Brit. M. J. 2:1176-1179 (May 22) 1954. 


The investigation reported was undertaken to throw light on the contention that miners’ 
nystagmus is a psychological disease occurring among hysterical and pathologically truculent 
men, Fifty consecutive miners certified to be disabled by the disease were matched by 50 normal 
miners from the same collieries. The two groups were alike in all other respects of age, previous 
illnesses, physical findings, and mining experience. But the pulse rate and blood pressure of the 
nystagmic group were a little higher and so was the respiration rate. These men graduated 
earlier to facework and to be deputies. This group worked rather longer in coal seams of inter- 
mediate thickness than in thinner or thicker seams. Seams of intermediate height caused the men 
to bend forward and look up at the same time, causing eye movements. The nystagmic group 
were rather better miners and more conscientious. The evidence suggested the conclusion that the 
cause of the disease is somatic rather than psychological—an important matter since labeling 
the nystagmic as neurotic or “no good” leaves them to drift; it also impedes research into 
physical aspects and the prevention of the disease by directing attention to improved illumination 
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underground by general lighting and/or improved miners’ lamps. [This study entirely confirms 
the pioneer work of L. Llewyllin 40 years ago, which has been so overshadowed by psychological 
theories put forward by those with no practical knowledge of mining. | 


RAYNAUD's PHENOMENON DUE TO VIBRATING Toots: NEUROLOGICAL OBSERVATIONS. 
J. E, W. Poorer, and W. A. Reynarp, Lancet 1:1151-1156 (June 5) 1954. 


Raynaud's phenomenon was studied (a) among 31 men who manipulated a pneumatic hammer 
delivering 2,300 blows per minute against the edge of sheets of steel, the stem of the hammer 
tool-head being gripped by the left hand, and (>) among 9 men using a trip hammer, the head 
of which pounded on an anvil upon a large steel sheet which had to be pressed down upon the 
anvil with both hands. Raynaud's phenomenon was experienced by 29 of the 31 and by & of the 
9 men. They had attacks of numbness, whiteness, and coldness, affecting the fingers and lasting a 
variable time according to how quickly the hand could be warmed. Attacks usually passed off 
when the men started work, but in cold weather an attack might last all morning. An attack 
ended with flushing of the fingers and hand, with a feeling of warmth and often of “pins-and- 
needles.” 

The motor and sensory functions of all the affected hands were tested. Men working the 
pneumatic hammer had the left hand affected in proportion to the firmness with which they 
gripped the tool; the men working on the trip hammer had both hands affected. The commonest 
time for the condition to start was from three months to two years after the beginning of 
exposure. It did not cause any loss of working time and was regarded by the men as a nuisance 
rather than any disablement. Although precipitated by cold, attacks could come on when the 
hands were warm and even disturb sleep when the hands were under cover. When ischemia 
was produced artificially in both arms in cases of entirely unilateral Raynaud's phenomenon, 
subjective numbness appeared much sooner in the affected arm. The testing showed clearly 
the involvement of the peripheral nerves at some level which probably caused the phenomenon 
and was itself caused by the vibrations. The conclusion is that a permanent sensory deficit ts 
common in association with traumatic Raynaud's phenomenon. 


E. L. Corns [Buin Hye]. 


CONCERNING Viprations. S. Tara, Arch. mal. profess. 15:149-151, 1954. 


The effects upon blood vessels, nerves, and muscles of vibrations arising from pneumatic 
chisels and hammers have been described. Less is known about tools turning at great speed 
which are used today in abrading such “soft” metals as aluminum and magnesium. When 34 
men who were employed in abrading these metals, with a device revolving at 1,500 times per 
minute, were under observation, 10 of them had more or less definite affections in their hands. 
The worker had to exert considerable pressure against the appliance held, by a right-handed man, 
in the left hand, which received transmitted vibrations. In each case the left hand was concerned. 
Details of each of the 10 cases are given. The most constant symptoms were painful tingling, 
followed by numbness and sharp pains at night after work. Cold aggravated the condition. No 
pronounced bony changes were found by x-ray. All symptoms disappeared when the work was 
stopped. The condition seems to be a mild form of the syndrome of Raynaud. Effort should be 
made to suppress the vibrations or to carry out the work so that they are not conveyed to the 


workers E. L. Hye.]. 


Determination of Air-Borne Contaminants 


Low Cost SAMPLER FOR THE MEASUREMENT OF Low CONCENTRATION OF HYDROGEN 
Suteipe. J. Deane SeENseNBAUGH and W. C. L. Hemeon, Air Repair 4:5 (May) 1954. 


The sampling instrument developed for providing a continuous record of HeS concentration 
is a modified A.I.S.I. Automatic Smoke Sampler drawing about '4 c.f.m. of air through a CC-6 
particulate cleaning filter and through a Whatman No. 4 filter paper tape prepared with lead 
acetate-glycerin. A calibration curve for the lead acetate paper is given. The spots produced on 
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the paper were found to be only relatively stable; daily densitometer readings are suggested. 
The paper is sensitive to about 0.0005 cc. of H2S; as it is less sensitive to dry air, as in winter, a 
means of adding moisture is described. The instrument is presently manufactured by the Research 
Appliance Company, Pittsburgh. 


W. D. SMALL, Boston. 


Automatic IMPINGER FOR AIR SAMPLING. WILLIAM L. Wirson, Air Repair 4:8 (May) 1954. 


A simple instrument for the collection of air samples has been described. The instrument 
consists of a specially constructed impinger, with a mechanism for refilling, collecting a sample, 
and discharging samples into separate containers for laboratory analysis. Twenty-four hourly 
samples may be collected automatically without attention. 


sy careful choice of the absorbing solution and method of analysis, more specific determina- 
tions can be made than are possible with several other automatic devices. For example, SOs can 
be determined iodimetrically when other acid gases are present or conductimetrically when 
hydrogen sulfide is present. 

The instrument is adaptable to any method where a standard impinger can be used, except 
those methods involving precipitates or where standard solutions are used as absorbents. The 
sensitivity and range of concentrations to be determined are limited only by the analytical method. 

Methods have been described for the analysis of acid gases and fluorides. Suggested methods 


for interpreting results are given. 


DETERMINATION OF MeRCURY IN THE ATMOSPHERE. SMILJKO ASPERGER and Ivo MUuRaATI, 
Analyt. Chem. 26:543 (March) 1954. 


The reaction of potassium ferrocyanide with nitrosobenzene in aqueous solution is very 
strongly catalyzed by mercuric ions. The concentration of the violet reaction product, 
[Fe(CN)s(CsH;NO)]-~~, at a fixed reaction time depends on the concentration of mercuric 
ions present in the solution. Thus, it is possible to determine the concentration of mercuric ions by 
means of spectrophotometric estimation of the violet product. The method is proposed for the 
range 5 x 107 to5 x 10% M. (mole) per liter of mercury (II) ion. In the range most favorable 
for analytical work (1 « 10 to 5 « 10° M. per liter), the relative standard error amounts to 
about 9.5%. Mercury vapors from the atmosphere can be brought into solution by the action of 
bromine or chlorine. Since mercuric ions can be determined in distilled water as well as in 
bromine or chlorine water by the described method, the determination of mercury in the 
atmosphere can be reduced to a determination of mercuric ions. 


From THE AuTHORS’ SUMMARY. 


TRIALS WITH AN EXPERIMENTAL LONG-PERIOD SAMPLER FOR AIRBORNE Dust. J. G. Dawes, 
S. R. Howarrn, and A, Stack, Research Report 87, Ministry of Fuel and Power, Safety 
in Mines Research Establishment, Her Majesty's Stationery Office, Feb., 1954. 


Laboratory investigations of long-term dust sampling, using collection of a sample on a filter 
paper, are described. It is shown that this technique is suitable for an instrument that will 
operate for a working shift without attention, Only dust of respirable size is collected. The 
sample may be evaluated by optical measurement of stain density or by measurement of the 


change in resistance of the filter paper to air flow. Danie tae Avene’ Gomer 


Ventilating, Air Conditioning, and Engineering Control 
Fivrration oF Hor Gases. Ropert T. Princ, Air Repair 4:40 (May) 1954. 


Criteria of filtration efficiencies to eliminate visible discharge from metal furnaces are 
discussed. Of the gas cleaning equipment presently employed on various types of metal melting 
furnaces, only cloth fibers have consistently produced discharges free from visible solids. It was 
found that filter bags fabricated from du Pont’s Orlon acrylic fiber could be economically operated 
at a maximum temperature of 275 F. in the presence of water and acid gases. Fiberglas has an 
obvious advantage in that it can withstand operating temperatures in the neighborhood of 400 to 
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500 F., but a successful glass filter fabric must be able to withstand the degree of flexing required 
by the filter cleaning process. Other synthetic fabrics are discussed relative to their heat 
resistance. Gas cooling methods are discussed, and the feasibility of waste heat boilers are 


mentioned. Designs of three operating units are given. W. D. Smatt. Boston 


Atr PoLLuTION AND ABATEMENT MANUAL: TERMINOLOGY AND SELECTED Data. Manual 
Sheet P-3, Manufacturing Chemists Association, Washington, D. C., 1954. 


This 37-page manual contains data and definitions on the following subjects: aerosol types; 
aerosol properties; aerosol collection; analysis and physical properties of atmospheric con- 
taminants; meteorology, and a table of conversion factors. 

Also contained is a list of selected reference books and journals on the subject of air pollu- 
tion and its abatement. 


Errors Founp Exuaust System Pians. J. Batirr, Month. Rev. New York State Dept. 
of Labor 33:13 (April) 1954. 


The author points out errors found in the examination of plans for proposed industrial 
exhaust systems in the State of New York. The most frequent criticism had to do with 
construction specifications. With respect to other criticisms, the most frequent ones included were 
hood design, discharge, fan type, piping design, air volume, motor size, fan size, design basis 
(used incorrect code), collector, elbows and fittings, make-up air, fire and explosion, and recireu- 
lation. Of 1,175 exhaust system plans studied, 67% were approved as submitted, 17% were 
approved with corrections or additions, and 16% were not approved. 


SAMPLES, Boston. 


DEVELOPMENT OF A HIGH-TEMPERATURE, Air FILtteR: SUMMARY REPORT. 
Report NYO-4527, Arthur D. Little, Inc., U. S. Atomic Energy Commission, Aug. 18, 1953. 


A high-efficiency air filter, made of noncombustible materials, suitable for use at temperatures 
of 500 F. or higher, and resistant to corrosive gases and fumes, has been developed. The filter 
medium is composed of all-mineral fibers bonded together with a small amount of synthetic resin 
so as to form a felt-like material. Glass fibers of about 3 # diameter provide 80% or more of the 
fiber composition. At high temperatures, the binder decomposes harmlessly. Construction of a 
steel-frame unit is described. Filter manufacturers have demonstrated that the unit is practical. 
The filter is equal to the present low-temperature filters in efficiency and air-flow resistance ; 
performance at 500 F. is as good or better; it will stand frequent wetting and drying; and it is 
resistant to many chemicals. The cost will be somewhat higher than for present filters. 


Nuciear Ser. Asst 


RESPIRATORY Prorective Devices: New Aprrovats. Supplement to Information Circular 7636, 
U.S. Department of the Interior, Bureau of Mines, March 24, 1954. 


Six respiratory protective devices have been approved by the Bureau of Mines since the 
publication of Information Circular 7636, dated June, 1952. They are listed in this brief 
announcement, which is obtainable from Publications Division, U. S. Bureau of Mines, 4800 
Forbes St., Pittsburgh 13, Pa. 


PRECIPITATION OF Dust Particres By AQurous Spray. A. P. 


Avy, Arch. mal. profess. 
14: 342-348, 1953. 


The question of precipitation of atmospheric dust, especially fine silica dust, is discussed. Rain 
carries down dust particles, either by condensation or coagulation, but the minuteness of the silica 
particles or their electrical potentials or both render them out of the influence of aqueous or 
saline mists. An attempt is made to express mathematically the rate of flocculation which may 
be obtained, but industrial conditions do not lend themselves to such calculations. The conclu- 
sions agree with experience gained in Belgian mines during some 27 months. 


CONDENSED FROM Butt. Hye. 


359 


4 
= 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


IMPROVED ABSORPTION SILENCING FOR VENTILATING AND Exuaust Systems. O. GERBER, 
Konstruktion 5:363-367 (Nov.) 1953. 


The principle of absorption silencing has been applied te reduction of fan noises along a 
duct system, either by lining the duct with porous material or by enclosing the perforated wall of 
the duct within an outer duct and filling the space with the absorbent, which may be glass-, 
steel-, or aluminum-wool. The object of this investigation was to improve the method so that it 
could be adapted to high-speed turbochargers tested in aircraft engine factories and to engine 
exhaust systems. The theory is developed and the results are applied to practical procedure. 
The principal modification consists in changing the cross section of the duct to one or more 
narrow rectangles. The walls may consist of several sections of different impedances so as to 
reduce sounds of a number of frequencies. Construction details are given for an installation which 
reduced the vibration noise by 40 db. The problem of exhaust noise silencing is more difficult, 
especially for vehicles. Some degree of noise reduction has been obtained experimentally, and 


it is expected that better results can be obtained. Inpust. Hyc. Dicest 


Accidents and Their Prevention; Protective Equipment 


SAFE HANDLING OF Metat Hyprines. M. D. BANus, Chem. & Engin. News 32:2424 (June 
14) 1954. 


The author discusses safe methods of handling metal hydrides. Because hydrides are relatively 
new industrial chemicals and because their physical properties are somewhat different from the 
chemicals already used in industry, they are considered hazardous. Hydrides can be handled 
safely if adequate precautions, combined with careful engineering and process development, are 


employed. Wititam SAmpLes, Boston. 


PLAN THE EVIRONMENT FOR THE WorkeER. Ross A. MCFARLAND, Nat. Safety News 69:30 
(June) 1954. 


In this article the author points out the importance of designing machines and working 
areas around the worker to reduce training costs, extensive redesign of equipment after it has 
been put to use, and accidents. It is pointed out that man is a poor monitor of equipment and that 
the design engineer must have an understanding of the sense organs and the characteristics of 
human response if satisfactory information is to be relayed to the machine operator. The 
considerations of human limitations should be carried through to plant layout and the various 
environmental factors that will be present in the plant, with an eye to producing optimum 
conditions for the worker. The article describes the “accident-repeater” type of worker and gives 
a brief analysis of the results of aging. The author stresses that physical and physiological 
employee standards should be functionally related to the job and that tests given should measure 


these functions accurately and consistently. W. 


Sarety Provisions in THE Diecastinc Founpry. H. K. Barron, Brit. J. Indust. Safety 
2: 207-212, 1953 


A die is a mold and consists of an assembly of steel elements. It is necessary to force molten 
metal rapidly and under great pressure into the die, as the steel parts cause rapid chilling. The 
die has a negative impression for transfer to the casting, and channels are provided for the 
escape of displaced air. A machine locks the parts, pumps the liquid metal and cools it, separates 
the parts, and pushes out the casting. 

Imperfect closure of a die, even when the resultant gap is as small as 0.008 in., is liable to 
result in the escape of molten metal which may be projected 30 to 40 ft.; this is known as a 
“cut-out.” The commonest injuries to the operator are burns of the scalp and lower arm; eye 
burns are rare. 

The author describes a number of safety measures. The vents may not be carried to the 
edge of the die but open into a vertical “spew-groove”; this is partially effective if the gap 
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between the die blocks does not exceed 0.010 in. The attachment of grooved baffies to one 
of the blocks is more effective but makes cleaning more difficult and so tends to encourage the 
fault against which the device is aimed. Guards should be automatically operated so that metal 
cannot be injected until the guard is in the closed position. Sheet-metal screens may be inter- 
posed between machines, but they present problems when conveyor systems of the rise-and-fall 
type are being installed. The author recommends narrower ones of the scroll type. The effect 
of this type of screen is that any metal emitted by the die is intercepted by the right-hand sweep 
of the scroll, which it strikes almost tangentially, and is directed round the volute. The chilled 
metal flakes drop harmlessly from the bottom of the screen. If possible, the furnace should be 
situated on the side away from the operator and as near as possible to the injection cylinder. 

Since a die-casting machine is essentially a horizontally mounted hydraulic press, some of 
the hazards of the industry are mechanical. Trapping of the operator's body during the closing 
stroke of the machine may occur, although this is unlikely owing to the relatively slow speed 
at which the moving platen travels. Dual-hand, push-button control well away from the moving 
platen is an arrangement calculated to keep the operator clear. 

Inserts of steel and other metals are sometimes placed within the die so that the molten metal 
flows round them. Should the inserts be omitted, damage to the die and the operator may result. 
Since also these inserts are located by the ungloved hand near the hot die face, burns of the 
hand are liable to occur. The remedy is to install preloading devices. 


H. Wyers Hye.]. 


Accents Duet To THE THerk Prevention. H. Desomre, R. Micnon, 
and P. Micuon, Arch. mal. profess. 15:144-147, 1954. 


A device has been coming into use in construction and repair work for accelerating work. It 
is essentially a firearm, since it is constructed on the principle of a pistol. It is used for inserting 
metal plugs or pegs into other things; it consists of a sort of hammer actuated by an explosive 
charge from a cartridge. The apparatus must be unscrewed to insert a plug of the desired 


size and a cartridge of the power required. The designer and makers of the pistol consider it to 
be “foolproof”; but in use many injuries have occurred. The injuries have consisted of more or 
less severe trauma with no peculiarities. 


In order to prevent such occurrences, the pistol needs to be modified and the users required 
to be specially trained in manipulating it. They should wear spectacles. The pistol should not be 
used in an explosive or inflammable atmosphere. The well-known safety precautions for the use 
of firearms are called for. They are set forth in detail of mechanical interest. 


E. L. Hye.]. 


Stupy OF THE DistTRIBUTION OF INDUSTRIAL ACCIDENTS AMONG DIFFERENT CATEGORIES 
OF WoRKERS UNDERGROUND IN THE PHospuatTe MINES oF Knourtsca. A. BECMEUR, 
Bull. Inst. hyg. Maroc. 12: 205-228, 1952. 


A study, extending over six months, was made of the occurrence of industrial accidents in 
the phosphate mines of Khouribga in Morocco. The great majority of the accidents were found 
to occur among pieceworkers (ftdcherons) employed at the face; so the study was restricted 
to this category of workers, which includes those using picks, drills, and spades for loading the 
tubs and pushing the tubs along the rails. The men who sustained most accidents also showed 
a tendency to lose most time owing to sickness. The younger men had most accidents, but lack 
of experience was the cause rather than youth, since newcomers who had been given a course of 
training before being admitted as pieceworkers had fewer accidents. Accidents rose in June, 
owing to the Mussulman ritual of Ramadan. Accidents were not found to be equally distributed ; 
thus, while 424 sustained one lost-time accident, 200 had two, 82 had three, 25 had four, 9 had 
five, and 2 had six. A recommendation is that any miner having more than two accidents in six 
months should be considered as accident-prone and not adapted to mining work. 

More accidents happened to the feet and toes than to any other parts, the hands and fingers 
coming second. The feet were injured by rocks and tubs which became derailed. The feet should 
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be guarded by strong boots; but when these are provided, attention must be given to the 
Moroccan custom to go barefooted so that the skin has hardened like leather and to the fact 
that Moroccans’ feet are larger than those of Europeans. Injuries to the hands arise mostly from 
manipulating the tubs, especially when lifting them back onto the rails. Suitable rods should be 
provided, attached to the tubs, for this purpose. The men should be instructed how the tubs 
can best be handled. This question of instruction also applies to using picks, which otherwise 
may only dislodge rock suddenly and allow it to fall on the feet. When the seam being worked was 


less than 6 ft., injuries to the feet were more numerous than when the seams were more than 
6 ft. 


Such surveys as this one should be repeated annually to test the value of the recommenda- 
tions made as regards eliminating the accident-prone, instructing newcomers before starting 
work, providing suitable footwear, and improving the tubs and railroads. The distribution of 
appropriate pills to lessen fatigue is also suggested! E. L. 

CORRECTION 
In the eighth and ninth lines of the abstract of the article by R. E. Lane, on page 177 of 


the August, 1954, issue, “80 gm. per liter” should be changed to “80 y per liter” and “100 « 
per gram” should read “100 ¥ per liter.” 
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RESULTS COUNT Superficial Fungous 
Infections especially DERMATOMYCOSIS PEDIS 


"s Foot) 


Ointment and powder of ZINCUNDECATE 
ener Solution of UNDECYLENIC ACID 


Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


MEAD HOME TREATMENT STIMULATOR 


A Generator of interrupted direct current designed for use by patients who require prolonged treat- 
ment of temporarily paralyzed muscles. 


Provides Treatment: [}) WITHOUT LOSS OF WORK 
[J] UNDER MEDICAL SUPERVI- TIME 
SION 


WITH SIMPLICITY AND 
“Muy” =~) AT LOW COST TO PATIENT SAFETY OF OPERATION 


Stimulators also available on a rental basis 


ST. LOUIS INSTRUMENT ENGINEERING, INC. 


1507 S. COMPTON AVENUE ST. LOUIS 4, MO. 


Chip 
. . . interesting information | this Coupon 


for your patients 


FOR YOUR FREE COPY OF 
... reinforcements for your 


own verbal instructions | lig hito ot 


The A. M. A.’s Bureau of Health 
Education offers pamphlets on most any ANSWERS TO THE 


subject . . . such as these three IMPORTANT QUESTIONS 
articles on old age: 
ABOUT SOAP 


HOPE FOR THE AGED | BUYING 
James A. Brussel 
4 pp. 10¢ 
but a wealth of informative data that should prove 
by yocceronlh GERIATRICS invaluable to you and your company throughout 
the future. 
16 pp. 20¢ 


- « «Mo commercials — no sales chatter 


LIGHTFOOT SCHULTZ COMPANY |! 


380 MADISON AVE. NEW YORK 17, N. Y. 
Send your free Question and Answer Soap Date 


STILL LOOKING AHEAD 
28 pp. 1S¢ 


You may obtain a catalogue by writing to: 


A.M.A. BUREAU OF HEALTH EDUCATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


4\ 
PD-32 
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CLEANSERS 
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M. A. 


i 
ARCHIVES OF 


OPHTHALMOLOGY 


A timely publication on the latest developments 
and techniques of Ophthalmology. 


Read clinical reports, original papers by 
foremost authorities . . . book reviews, 
abstracts, news and comment... . 


A special journal for the medical 
profession covering diseases of the 
eye, its relation to general health, 
techniques and corrections . . 


A.M.A. archives of Ophthalmology 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET © CHICAGO 10, ILLINOIS 


Please enter a subscription to A.M.A. archives ofp OPHTHALMOLOGY for one year. 
[] I enclose $ [] Please bill me 


$12.00 YEARLY $13.50 FOREIGN $12.50 CANADIAN 


/ 
” 
Keep “up to date 


instant 


first aid for 


| 


New facts | | snake bite | | 
| 


New skills 


hook reviews 


case reports 


clinical notes 
correspondence 


news and comment | 


A.M.A. 
. ...the new and improved 
ar chives of Saunders’ Snake Bite Kit, 


| exclusive with (i), ... 


| mediately. Venom must be prevented from spreading through 
| the body. The new, improved Saunders’ Snake Bite Kit provides 
| instant first aid with the right kind of suction—controlled and 


increased as desired. Easily and quickly administered, by the 


AMERICAN MEDICAL ASSOCIATION | vietim alone if necessary Kit provides everything needed 


535 NORTH DEARBORN STREET | for emergency first aid: tourniquet, lancet, ammonia inhalants, 


CHICAGO 10, ILLINOIS | iodine swabs, adhesive bandages, Saunders’ venom- 7 

| suction pump with two adapters. Write for data. 
Send me A.M.A. archives of © 
OTOLARYNGOLOGY for a year. | 


Enclosed... . Please bill me. | Woo pronounced EM-ESS-CO 
‘Medical Supply Company 


$12.00 YEARLY $12.50 CANADIAN $13.50 FOREIGN Rockford, Illinois - In Canada, it’s Safety Supply Co. 


| 
society transactions Le 
| 
NAME.... 
ADDRESS. 


new potency, 125 mg. per 5 cc., 
for dosage convenience— 


plus good taste during and after 


Oral suspension 


(CHOCOLATE FLAVORED) 


Uniquely palatable dosage form for the treatment of a wide range of 
common infections with the newest broad-spectrum antibiotic, distin- 


guished for unsurpassed tolerance and rapid efficacy. 


newly formulated (0 assure maximum cooperation in 
your dosage regimens, for chocolate flavor is universally regarded as a 


favorite of young and old. 


newly formulated (or further convenience in dosage 


for patients, young and old alike —each teaspoonful of new Tetracyn 


Oral Suspension contains 125 mg. of tetracycline. Dosage is easily ad- 


justed for the smallest or largest patient. 


Tetracyn Oral Suspension (chocolate flavored) 
is supplied in a 2 oz. bottle containing 1.5 Gm, of Tetracyn. When 
reconstituted, the chocolate-flavored suspension supplies 125 mg. of 


tetracycline in each palatable teaspoonful (5 ce.). 


536 Lake Shore Drive, Chicago 11, Illinois 
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